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FOREWORD 

This report documents the first phase of An Analytical and Conceptual Design 
Study for an Earth Coverage Infrared Horizon Definition Study performed 
under National Aeronautics and Space Administration Contract NAS l-6010 
for Langley Research Center. 

This study provides for delineation oft he experimental data required to define 
the infrared horizon on a global basis and for all time periods. Once defined, a 
number of flight techniques are evaluated to collect the experimental data re- 
quired. The study includes assessment of the factors which affect the infrared 
horizon through statistical examination of a large body of meteorological infor- 
mation and the development of a state-of-the-art infrared horizon simulation. 

The contractual effort was divided into numerous subtasks which are listed 
as follows: 

Infrared Horizon Definition - A State-of- the-Art Report 

Derivation of a Meteorological Body of Data Covering the Northern 
Hemisphere in the Longitude Region Between 6O”W and 16O”W from 
March 1964 through February 1965 

The Synthesis -of 15~ Infrared Horizon Radiance Profiles from Meteor- 
ological Data Inputs 

Analysis of 15~ Infrared Horizon Radiance Profile Variations Over a 
Range of Meteorological, Geographical, and Seasonal Conditions 

Derivation and Statistical Comparison of Various Analytica Techniques 
Which Define the Location of Reference Horizons in the Earth’s Horizon 
Radiance Profile 

The 15~ Infrared Horizon Radiance Profile Temporal, Spatial, and 
Statistical Sampling Requirements for a Global Measurement Program 

Evaluation of Several Mission Approaches for Use in Defining Experi- 
mentally the Earth’s 15~ Infrared Horizon 

Evaluation of the Apollo Applications Program Missions for an Earth 
Coverage Horizon Measurement Program in the 15~ Infrared Spec- 
tral Region 

Computer Program for Synthesis of 15~ Infrared Horizon Radiance 
Profiles 

Compilation of Computer Programs for a Horizon Definition Study 

iii 



Compilation of Atmospheric Profiles and Synthesized 15~ Infrared. 
Horizon Radiance Profiles Covering the Northern Hemisphere in the 
Longitude Region Between 6O”W and 16O”W from March 1964 through 
February 1965 - Part I 

Compilation of Atmospheric Proflies and Synthesized 15~ Infrared 
Horizon Radiance Profiles Covering the Northern Hemisphere in the 
Longitude Region Between 6O”W and 16O”W from March 1964 through 
February 1965 - Part II 

Horizon Definition Study Summary - Part I 

Honeywell Inc. , Systems and Research Division, performed this study program 
under the technical direction of Mr. L. G. Larson. The program was con- 
ducted during the period 28 March 1966 through 10 October 1966. 

The study results from the first five subtasks listed previously are of con- 
siderable interest and warrant wide distribution to the scientific community. 
It is anticipated that the results of the last eight subtasks are of limited 
interest to the general scientific community; therefore, distribution is pro- 
vided to U. S. Government Agencies only. 

Acknowledgment is extended to GCA Corporation and Barnes Engineering 
Company for their contributions on atmospheric physics/meteorology and 
locator identification respectively. The contributions on profile synthesis 
by Dr. J. C. Gille of Florida State University and on statistical analysis by 
Dr. J. H. Parks, Jr. of the University of Minnesota are also gratefully 
acknowledged. 

Gratitude is extended to NASA/Langley Research Center for their technical 
guidance, under the program technical direction of Mr. L. Keafer and direct 
assistance from Messrs. J. Dodgen, R. Davis and H. Curfman, as well as 
the many people within their organization. 
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THE ANALYSIS OF 15~ INFRARED HORIZON RADIANCE 
PROFILE VARIATIONS OVER A RANGE OF 

METEOROLOGICAL, GEOGRAPHICAL, AND 
SEASONAL CONDITIONS 

By John R. Thomas, Honeywell Inc. 
Ennis E. Jones, Honeywell Inc. 

Robert O’B. Carpenter, GCA Corp. 
George Ohring, GCA Corp. 

SUMMARY 

Three approaches were used in this study to determine significant variations 
in the complete horizon-radiance profile caused by variations in geographical, 
temporal, and meteorological conditions. 

In the statistical approach, mean value and standard deviation of radiance and 
normalized radiance were calculated over 99 different subsets selected from 
the population of 839 synthesized radiance profiles covering four seasons and 
the Northern Hemisphere over longitudes from 60W to 165W. The other 
approach was curve fitting in which there was a dual objective. First, the 
existence of a closed form function of only tangent height for use in accurate 
calculations of radiance profiles was determined. The functions of interest 
were those in which the coefficients (including exponents, if any) exhibited 
systematic behavior with time and space. Radiance profiles then could be 
synthesized independently of meteorological input data, and the coefficients 
could be analyzed to quantitatively determine profile variations. The second 
curve fitting objective was to determine a simple closed form function of only 
a few key atmospheric variables also for use in accurate radiance profile 
calculations . This would reduce the present dependence on extensive meteoro- 
logical input data. Also, insight may be gained in the inverse problem of de- 
termining the magnitude of key atmospheric parameters from radiance pro- 
files. 

In profile statis tics studies, the expected systematic behavior of the complete 
profile with season and latitude was observed. In addition, a significant new 
result was obtained; the nearly linear variation of radiance (at a given tangent 
height) with temperature at the 10 mb altitude. This fact could be pursued to 
possibly obtain a simple and fairly accurate method of calculating radiance 
profiles with only the 10 mb temperature as input data. 

The two approaches to curve fitting, empirical and phenomenological, each 
resulted in equations capable of achieving accuracies of from two percent to 
six percent in calculating radiance profiles with a possibility of obtaining one 
percent accuracy. In the phenomenological approach, four coefficients are 
required with the independent variables being temperature as a function of 
tangent height and the 10 mb altitude. A trigonometric series with five coef- 
ficients, in which the five coefficients exhibited systematic behavior with 
time and space, produced an accuracy of five percent of peak radiance with 



the possibility of reaching an accuracy of one percent with the addition of 
only one more term. The systematic behavior of the coefficients is very 
significant, suggesting that the coefficients could be formulated with re- 
spect to time and space, leading to an equation for the radiance profile 
which would be independent of meteorological input data; radiance would 
then be a function of only three variables; tangent height, time, and 
location. 



INTRODUCTION 

Definition of the Earth’s horizon radiance profile in the 15~ carbon dioxide 
absorption band requires knowledge of the variations of the profile over the 
Earth’s surface and over time. The purpose of this study was to determine 
the effects of any factors which cause significant changes in the magnitude 
and shape of the profiles. Effects of these factors, such as latitude, longi- 
tude, and time, must be displayed, undistorted, over the entire tangent 
height range of the horizon radiance profiles. 

Previous investigations have been severely limited due to the lack of a com- 
prehensive body of data. During this study, a total of 839 different radiance 
profiles were used to define 99 separate subsets. Statistical variations of 
all the subsets were calculated to determine the effects of various temporal, 
spatial, and atmospheric phenomena variations. 

Two separate analysis efforts were used in the study to accomplish the pro- 
file variations description. The first analysis effort was to calculate the 
statistical parameters and extremes of each set of radiance profiles as a 
function of tangent height. These data separate the effects of each of the 
pertinent factors so that each may be assessed independently. 

The second analysis effort determined, by curve fitting, a closed form 
function which adequately fits the radiance profiles. Coefficients and 
exponents of the closed form function were then analyzed to determine their 
spatial and temporal variations. Two approaches were used to determine 
the closed form function. 

In one approach, the physics of the problem were used as a basis in deter- 
mining key atmospheric parameters. A functional relationship was found 
between these key parameters and the radiance profile. This relationship 
became the independent variable in describing the profile. A selected set of 
conditions was then used to calculate several radiance profiles by both the 
closed form phenomenological function and by a numerical integration pro- 
gram. Thus, estimates of the accuracy of the closed form over a variety 
of conditions were obtained. 

In the other approach, the objective was to empirically determine a closed 
form function of only one independent variable, tangent height. The selec- 
tion of functions was based on standard curve fitting techniques, e. g. , 
various polynomial forms from knowledge of different functional forms 
which result in curves resembling a radiance profile, and on the technique 
of plotting particular characteristics of radiance versus tangent height 
by transformation of variables until a recognizable form is obtained. 

The functions representing the best compromise between simplicity and 
accuracy of fit were fitted to 20 of the climatological radiance profiles 
representing five latitudes and four seasons, and the coefficients were ex- 
amined to determine their variation. 



PROFILE STATISTICS 

To determine variations in the magnitude and shape of theEarth’s 15~ CO2 
band, horizon radiance profiles resulting from systematic perturbations in 
geographical, temporal, and meteorological conditions, mean value and 
standard deviation of radiance and normalized radiance were calculated over 
99 different subsets selected from a population of 839 synthesized radiance 
profiles. These profiles covered one year in time and the Northern hemis- 
phere over longitudes from 6O”W to 165”W. Each of the available synthesized 
profiles was identified by 12 different identifiers which describe the time, 
location, and meteorological and atmospheric conditions of the input data 
from which the profiles were synthesized. These identifiers were examined 
to determine the range and distribution of their magnitudes to provide a 
basis for grouping the profiles into subsets for calculation of statistics. All 
profiles associated with a particular value (or values) of an identifier com- 
prised one subset. Within each subset, values of all the other identifers 
vary, but effects of these other variations are averaged out when the subset 
consists of a sufficiently large sample. Differences between mean and stan- 
dard deviation among like subsets is then caused only by the systematic 
differences in the identifier magnitudes which define the subsets. 

Because of the nature of the input data, it was sometimes necessary to aver- 
age over a number of values of the factor of interest in order to obtain a sig- 
nificant sample size, and, on occasion, the sample size even then was small 
as shown in the discussion of the subsets. 

The factors and/or effects examined are listed below, together with the appli- 
cable identifier mentioned above: 

1. 

2. 

3. 

4. 

5. 

Diurnal effects (local time, identifier 4) 

ba: 
over all 
varying seasons and latitudes 

Seasonal effects (date, identifier 3) 

ba: 
over latitude 
over longitude 

C. overall 

Latitude effects (latitude, identifier 1) 

Longitude effects (longitude, identifier 2) 

Atmospheric identifier effects (identifiers 6 to 12, respectively) 

ba: 
10 mb temperature 
tropopause temperature 

:: 
stratopause temperature 
500 mb to tropopause lapse rate 



f”: 
tropopause to 10 mb lapse rate 
10 mb to stratopause lapse rate 

g* circulation regime 

6. Topographical effects (topography, identifier 5) 

SELECTION OF SETS AND SUBSETS 

The times and locations for which input data was available and from which 
sets and subsets were determined is summarized below for complete under- 
standing of the selection process. Table 1 contains a list of all 99 subsets 
selected. 

Case 1 - Cape Kennedy Cross Section. -- Soundings began at 1200 GMT 
March 1, 1964,with three-day resolution for one year. 

Case 2 - Fort Churchill Cross Section. -- Soundings began at 1200 GMT 
October 1, 1964,with three-day resolution with the last sounding at 1200 GMT 
February 13, 1965. 

Case 3 - Cape Kennedy Cross Section. -- Soundings began at 0000 GMT 
May 21, 1964,with 12-hour resolution with the last sounding at 1200 GMT 
May 28, 1964. 

Case 4 - White Sands Cross Section. -- Soundings began at 0000 GMT 
November 18, 1964, with 12-hour resolution with the last sounding at 1200 
GMT November 25, 1964. 

Case 5 - Cape Kennedy Cross Section. -- Soundings began at 0000 GMT 
December ‘7, 1964,with 12-hour resolution with the last sounding at 1200 GMT 
December 10, 1964. 

Case 6 - Cape Kennedy Cross Section. -- Soundings began at 0000 GMT 
February 8, 1965,with 12-hour resolution with the last sounding at 1200 GMT 
February 17, 1965. 

Case 7 - White Sands &Iissile Ranpe (WSMR) Cross Section. -- Soundings -.- _--.-.- .._, -. .-_ __ 
began at 0000 GMT February 7, 1964 with four-hour resolution with the last 
sounding at 2000 GMT February 9, 1964. 

Case 8 - Fort ChurchillCross Section. -- Soundings began at 1200 GMT 
March 1, 1965,with 24-hour resolution with last sounding at 1200 GMT March 
31, 1965. 

Case 9 - Synoptic Data. - - Fifty-six locations, as shown on Figure 1, for 
each of the following dates at 1200 GMT. 

April 8, 1964 November 13, 1964 
June 3, 1964 December 9, 1964 
August 12, 1964 January 20, 1964 
October 21, 1964 February 10, 1965 

Case 10 - White Sands to AntiguaCross Section. -- Fifty-seven locations, 
apprxtely one degree apart from White Sands to Antigua, as on Figure 1 
for both October 28, 1964 and February 24, 1964. 
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l MRN stations, cases 1 - 8 

0 Synoptic, case 9 

- White Sands to Antigua section, case 10 

Figure 1. Input Data Locations 
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TABLE 1. - PROFILE ANALYZER STATISTICS SUBSETS 

Subset 
“0. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13' 

14 

15 

16 

17 

16 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 
-. 

- 
$0. of 
refile: 

Cape Kennedy spring day a 

Cape Kennedy spring night 8 

Cape Kennedy winter day 10 

Cape Kennedy winter night 10 

White Sands fall day 8 

White Sands fall night 8 

Overall diurnal day 26 

Overall diurnal night 26 

Cape Kennedy spring 31 

Cape Kennedy summer 31 

Cape Kennedy fall 30 

Cape Kennedy winter 30 

Fort Churchill fall 21 

Fort Churchill winter 25 

Cape Kennedy May 16 

Cape Kennedy February 20 

Season 1 spring 41 

Season 1 summer 31 

Season 1 fall 51 

Season 1 winter 15 

Space cross section fall 51 

Space cross section winter 57 

Synoptic 0 lat 30 spring 16 

Synoptic 0 lat 30 summer 32 

Synoptic 0 lat 30 fall 32 

Synoptic 0 lat 30 winter 48 

Synoptic 31 lat 59 spring 22 

Synoptic 31 lat 59 summer 44 

Synoptic 31 lat 59 fall 44 

Synoptic 31 lat 59 winter 66 

Synoptic 60 lat 90 spring 18 

Synoptic 60 lat 90 summer 36 

Synoptic 60 lat 90 fall 36 

Synoptic 60 lat 90 winter 54 

Synoptic spring 56 

Synoptic summer 112 

Synoptic fall 112 

Synoptic winter 168 

Synoptic 0 lat 15 24 

Synoptic 16 lat 30 80 

Synoptic 31 lat 45 96 

Synoptic 46 lat 59 101 

Synoptic 60 lat 75 83 

Synoptic 75 lat 90 64 

Synoptic spring 165 longitude 135 9 

Synoptic spring 120 longitude 106 14 

Synoptic spring 90 longitude 90 24 

Synoptic spring 15 longitude 60 9 

Synoptic summer 165 longitude 13: 18 

Synoptic summer 120 longitude 101 28 

Remarks 

7 P.M. local time, 5/21 - 5128164 

7 A.M. local time 

7 P.M. local time, 1217 - 12/10/64 

I A.M. local time, 216 - 2117165 

4 P.M. local time, 11/l&l - 11/25/64 

4 A.M. local time 

Subsets 1, 3, and 5 averaged 

Subsets 2, 4, and 6 

Cape Kennedy 1 year 

‘cross section.7 A.M. 

local time, every 3 days 

6 A.M. local time, 1111164 

2113165 every 3 days 

Subsets 1 and 2, end of spring 

Subsets 3 and 4 

Subsets 9, 15 

Subset 10 

Subsets 11, 13 

Subsets 12. 14, 16 

10/26/64 White Sands to Antigua 

2/24/64 White Sands to Antigua 

4/8/64 

613164, 0/12/64 

10/21/64, 11113164 

12/g/64, l/20/65, 2110165 

Latitude limits are 

inclusive 



TABLE 1. - PROFILE ANALYZER STATISTICS 
SUBSET - Concluded 

Sub& 
no. 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

a3 

84 

85 

86 

87 

88 

a9 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

---_ 
Synoptic summer 90 longitude 90 

Synoptic mummer 75 longitude 60 

Synoptic fall 165 longitude 135 

Synoptic fall 120 longitude 105 

Synoptic fall 90 longitude 90 

Synoptic fall 75 longitude 60 

Synoptic winter 165 longitude 135 

Synoptic winter 120 longitude 105 

Synoptic winter 90 longitude 60 

Synoptic winter 75 longitude 60 

Synoptic 165 longitude 135 

Synoptic 120 longitude 105 

Synoptic 90 longitude 90 

Synoptic 75 longitude 60 

Atmos ID 6 197 TlOmb 202 

Atmos ID 6 208 TlOmb 212 

Atmos ID 6 218 TlOmb 222 

Atmos ID 6 228 TlOmb 232 

Atmos ID 6 238 TlOmb 242 

Atmos ID 7 194 TTrop 196 

Atmos ID 7 204 TTrop 206 

Atmos ID 7 214 TTrop 216 

Atmos ID 7 224 TTrop 226 

Atmos ID 8 253 TStrat 255 

Atmos ID 8 263 TStrat 265 

Atmos ID 8 273 TStrat 275 

Atmos ID 8 283 TStrat 265 

Atmos ID 9 -8.4 LR 500 mb/Trop -7.5 

Atmos ID 9 -6.4 LR 500 mb/Trop -5.5 

Atmos ID 9 -4.4 LR 500 mb/Trop -3. 5 

Atmos ID 9 -2.4 LR 500 mb/Trop -1. 5 

Atmos ID 10 0.5 LR Trop/lOmb 0.7 

Atmos ID 10 1.1 LR Trop/lOmb 1.3 

Atmos ID 10 1.7 LR Trop/lOmb 1.9 

Atmos ID 10 2.3 LR Trop/lOmb 2.5 

Atmos ID 11 1.5 LR lOmb/Strat 1.7 

Atmos ID 11 2.3 LR lOmb/Strat 2.5 

Atmos ID 11 3.1 LR lOmb/Strat 3.3 

Atmos ID 11 3.8 LR lOmb/Strat 4.2 

839 profiles 

Sea 

Land 1 

Land 2 

:irculation: no feature 

:irculatiom jet 

Xrculation: trough 

:irculation: ridge 

:irculation: jet and trough 

:irculation: jet and ridge 

46 

18 

18 

28 

48 

18 

27 

42 

12 

27 

72 

112 

192 

72 

16 

25 

81 

285 

45 

66 

103 

49 

47 

19 

68 

167 

46 

41 

326 

80 

28 

73 

51 

95 

91 

22 

178 

109 

16 

839 

286 

529 

24 

268 

183 

174 

147 

56 

11 

Population from which samples 

are taken for all abnopsheric 

identifiers excludes only the 

climatological data 

Surface height = 0 - 2 km 

Surface height = > 2 km 

C 

8 



Diurnal Effects 

Examination of the times and locations of profiles shows that diurnal effects 
can only be determined from a relatively limited number of cases. However, 
some estimate of the variation of diurnal effects with season and latitude can 
be made. The following groups are suggested by the data. 

(1) Case 3, May 8 day, 8 night 

(2) Case 6, February 10 day, 10 night 

(3) Case 4, November 8 day, 8 night 

(4). Overall: cases 3, 6,4,26 day, 26 night 

Sets and subsets used are shown in Figure 2. 

Seasonal Effects 

Cape Kennedy 

Cape Kennedy 

White Sands 

The high-resolution Cape Kennedy and Fort Churchill profiles were used to 
obtain seasonal estimates with latitude and longitude fixed. The following 
groupings are suggested by the data. 

Seasonal; low latitude effects, longitude fixed. -- 

Case l:-- 122 profiles from March 1 to March 1, group by season. 

0 Group 1 March, April, May 3 1 profiles 

0 Group 2 June, July, August 3 1 profiles Cape Kennedy 
0 Group 3 Sept., Oct., Nov. 30 profiles 

0 Group 4 Dec., Jan., Feb. 30 profiles 

Case 3:-- 
above. 

16 profiles, May, Cape Kennedy - check on group 1, case 1 

Case 6:-- 
above. 

20 profiles, February, Cape Kennedy - check on group 4, case 1 

Seasonal; high latitude effects, longitude fixed. -- 

Case 2:-- 46 profiles, October to February 15, every three days 

0 Group 1 ---- 

0 Group 2 ---- 
Fort Churchill 

0 Group 3 Oct., November 

0 Group 4 Dec., Jan., Feb. 

9 



No. of Subset 
no. Identification profiles Remarks 

Cape Kennedy, 

Cape Kennedy, 

Cape Kennedy, 

Cape Kennedy, 

White Sands, 

White Sands, 

Overall diurnal 

Overall diurnal 

spring day 8 

spring night 8 

winter day 10 

winter night 10 

fall day 8 

fall night 8 

day 26 

night 26 

7 PM local time 5/21 - 5/28/64 

7 AM local time 

7 PM local time 12/7 - 12/24/64 

7 AM local time 2/S - 2/l7/65 

4 PM local time 11/18 - 11/25/64 

4 AM local time 

Subsets 1,3 and 5 averaged 

Subsets 2,4 and 6 averaged 

Figure 2. Diurnal Effects Subsets 
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Seasonal; high and low latitudes combined. -- 

Cases 1, 2, 3, and 6 grouped: 

0 Group 1 March - May 

0 Group 2 June - August 

a Group 3 September - November 

0 Group 4 December - February 

Seasonal; low latitudes, latitude and longitude varying. -- 

Case 10: 57 profiles varying from 32.4oN, 106.6W to 17.2?N, 61.8” at 
two times, October 28 and February 24, 1964. 

l Group 1 ---- 

0 Group 2 ---- 

0 Group 3 October 28 

0 Group 4 February 24 

Subsets based on the above groups are shown in Figure 3. 

Seasonal/Latitudinal Effects 

Synoptic data were grouped into season and latitude sets, averaged over longi- 
tude. To determine latitude bands giving significant sample size, a listing of 
profiles by latitude was prepared as shown in Table 2. From this table, his- 
tograms for various latitude bands were determined as in Table 3. The band 
size given includes the lower limit but excludes the upper limit, e. g., band 
size from 15” to 30” includes all profiles from and including 15”to but excluding 
30”. Thirty degree bands are necessary to obtain a significant sample size, and 
the sample size for each band is more nearly constant by using slightly more 
or less than 30 degrees as shown in the last two columns of Table 3. Subsets 
selected are shown in Figure 4.. 

Latitude Effects 

Certain of the latitude effects are obtained, obviously, with certain of the 
above subsets. To obtain an overall latitude effect? with nothing else held 
constant, the synoptic profiles were grouped by latitude with season varying 
as shown in the set below. 
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Subset 
IlO. 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Identification 

Cape Kennedy, spring 

Cape Kennedy, summer 

Cape Kennedy, fall 

Cape Kennedy, winter 

Ft. Churchill, fall 

Ft. Churchi I I, winter 

Cape Kennedy, May 
Cape Kennedy, Feb. 

Season 1, spring 

Season 1, summer 

Season 1, fall 

Season 1, winter 

Space cross section, fail 

Space cross section, winter 

No. of 
orofiles Remarks 

31 

31 

30 

30 

21 

25 

16 

20 

47 

31 

51 

75 

57 

57 

Cape Kennedy 1 year cross section, 

7 AM local time, every 3 days 

6 AM local time, 11/l/64 through 

2/13/65 every 3 days 

Subsets 1 and 2, end of spring 

Subsets 3 and 4 

Subsets 9 and 15 

Subset 10 

Subsets 11 and 13 

Subsets 12, 14 and 16 

10/28/64 White sands to antigua 

2/24/64 White sands to antigua 

Figure 3. Seasonal Effects Subsets 
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TABLE 2.- SPACE GROUPINGS - LATITUDE ONLY, 
SYNOPTIC PROFILES 

Lat 

0 
3. 75 
7. 5 

11.25 
15 
15 
18.75 
22. 5 
22. 5 
26. 75 
26. 75 
26.75 

Long. 

9ii 
90 
90 
90 
90 

120 
90 
90 

105 
90 
75 

105 

Lat 

26.25 
30 
30 
30 
33.75 
33.75 
33.75 
37. 5 
37. 5 
37. 5 
41. 25 
41. 25 

I Long. 

135 
150 
120 

90 
75 
90 

105 
135 
120 

90 
90 
75 

Lat Long. Lat Long. 

41. 25 105 56. 25 90 
45 150 56. 25 105 
45 120 60 150 
45 90 60 120 
45 60 60 60 
48. 75 75 63.75 90 
48.75 90 63. 75 105 
48.75 105 63. 75 165 
52. 5 165 67. 5 120 
52. 5 135 67. 5 90 
52. 5 90 67. 5 60 
56. 25 75 71. 25 90 

Lat 

75 
75 
75 
75 
78. 75 
82. 5 
86. 25 
90 

Long. 

150 
120 

90 
60 
90 
90 
90 

TABLE 3.s NUMBER OF PROFILES IN VARIOUS LATITUDE BANDS 

o-5 
5-10 

10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
60-65 
65-70 
70-75 
75-80 
80-85 
85-90 

No. of 
profiles 

z 
0 
1 
3 
3 
4 
6 
3 
3 
7 
3 

‘3 
6 
3 
1 
5 

; 

- 
Lat 

- 
O-10 

10-20 

20-30 

30-40 

40-50 

50-60 

60-70 

70-80 

80-90 

No. of 
profiles 

2 

4 

7 

9 

10 

6 

9 

6 

3 

I 
o-15 

15-30 

30-45 

45-60 

60-75 

75-90 

30-60 

60-90 

No. of 
profile! 

16 

22 

18 
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Subset 
no. Identification 

23 Synoptic 0 Lat 30 spring 

24 Synoptic 0 Lat 30 summer 

25 Synoptic 0 Lat 30 fall 

26 Synoptic 0 Lat 30 winter 

27 Synoptic 31 Lat 59 Spring 

28 Synoptic 31 Lat 59 summer 

29 Synoptic 31 Lat 59 fall 

30 Synoptic 31 Lat 59 winter 

31 Synoptic 60 Lat 90 spring 

32 Synoptic 60 Lat 90 summer 

33 Synoptic 60 Lat 90 fall 

34 Synoptic 60 Lat 90 winter 

35 Synoptic spring 

36 Synoptic summer 

37 Synoptic fall 

38 Synoptic winter 

No. of 
profiles 

16 

32 

32 

48 

22 

44 

44 

66 

18 

36 

36 

54 

56 

112 

112 

168 

Remarks 

J/8/64 
6/3/64, 8/l.2/64 

10/2/64,11/13/64 

12/9/64, l/20/65, 2/10/65 

Latitude limits are inclusive 

Figure 4. Latitude /Season Effects Subsets 
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Latitude band No. of profiles 

0 s Ll < 15 

15 5 L2 < 30 

30 5 L3 < 45 

45 5 L4 < 60 

60 S L5 < 75 

75 5 L6 < 90 

Subsets selected are shown in Figure 5. 

24 

80 

96 

104 

80 

64 

Longitude Effects 

The synoptic data was broken down into longitude grouping by season,similar 
to the manner described above. Subsets selected are shown for longitudinal 
effects by season in Figure 6 and for overall longitude effects in Figure 7. 

Temperature Identifiers 

A histogram of 10 mb temperatures was prepared as shown in Table 4. The 
histogram showed that, to obtain a significant sample size, several tempera- 
tures must be used to make up one subset. It also showed that the tempera- 
tures are sufficiently distributed; thus, the temperature grouping selected 
can be relatively widely separated to enhance any effect which might exist. 
Also, because of the distribution and the desire to use the same number of 
temperatures in each subset for consistent content of subsets, the sample 
size varies considerably. The subsets selected (subset nos. 65 to 69) are 
shown in Table 4 along with the average temperature for that subset and in 
Table 5 which lists all atmospheric identifier subsets. 

The same approach was used in selection of tropopause and stratopause 
temperature subsets. The applicable histogram for tropopause temperature 
and the selected subsets (subset nos. 70 to 73) are shown in Table 6 and 
listed in Table 1. Table 7 shows the applicable histogram and subsets 
(subset nos. 74to 77) for stratopause temperature with subsets also listed 
in Table 1. 
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Subset 
no. 

39 

40 

41 

42 

43 

44 

Identification 

Synoptic 0 Lat 15 

Synoptic 16 Lat 30 

Synoptic 31 Lat 45 

Synoptic 46 Lat 59 

Synoptic 60 Lat 75 

Synoptic 75 Lat 90 

No. of 
profiles 

24 

80 

90 

101 

83 

64 

Remarks 

Latitude limits are inclusive 

Figure 5. Latitude/Effects Subsets 
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Subset 
no. Identification 

No. of 
orofiles 

45 Synoptic spring 165 long 135 9 

46 Synoptic spring 120 long 105 14 

47 Synoptic spring 90 long 90 24 

48 Synoptic spring 75 long 60 9 

49 Synoptic summer 165 long 135 18 

50 Synoptic summer 120 long 105 28 

51 Synoptic summer 90 long 90 48 

52 Synoptic summer 75 long 60 18 

53 Synoptic fall 165 long 135 18 

54 Synoptic fall 120 long 105 28 

55 Synoptic fall 90 long 90 48 

56 Synoptic fall 75 long 65 18 

57 Synoptic winter 165 long 135 27 

58 Synoptic winter 120 long 105 42 

59 Synoptic winter 90 long 90 72 

60 Synoptic winter 75 long 60 27 

Figure 6. Longitude/Season Effects Subsets 

17 



sd& 
* 

61 
62 
63 
64 

NO. of 
OrOfiLes- 

72 
112 
‘~92 

72 



TABLE 4.- 10 mb TEMPERATURE DISTRIBUTION 

T lamb 
197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

No. of profiles 
1 

2 
T 

2 16 tf = 200.4 

4 
2 

f 
10 25 ;i; = 210.2 

3 

6 

8 

7 

9 

11 

10 

19 

19 
t 

14 81 ;I; = 219.8 

14 

15 
1 

T lamb 
223 

224 

225 

226 

227 

228 

229 
230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

No. of profiles 

-19 

10 

18 

22 

37 

40 
53 

f 
82 285 T= 230.0 

60 

50 

63 

47 

31 

40 

40 

25 T 
8 45 T= 238.8 

8 

2 2 1 
0 

0 

1 
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TABLE 5.- ATMOSPHERIC IDENTIFIER SUBSETS 
No. of 

NO. Identification profiles Remarks 

65 ATMOS ID 6 197 T10 mb 202 16 Population from whit 
samples are taken fo 

66 ATMOS ID 6 208 TlO mb212 25 all atmospheric iden. 
tifier s excludes only 

67 ATMOS ID 6 218 TlO mb 222 81 the climatological 
data. 

68 ATMOS ID 6 228 TlO mb 232 285 

69 ATMOS ID 6 238 T10 mb 242 45 

70 ATMOS ID 7 194 TT 196 rop 66 

71 ATMOS ID 7 204 TTrop 206 103 

72 ATMOS ID 7 214 TT 216 rop 49 

73 ATMOS ID 7 224 TT 226 rop 47 

74 ATMOS ID 8 253 TStrat 255 19 

75 ATMOS ID 8 263 TStrat 265 68 

76 ATMOS ID 8 273 TStrat 275 167 

77 ATMOS ID 8 283 TStrat 285 46 

78 ATMOS ID 9 -8.4 LR 5OOmb/Trop -7.5 41 

79 ATMOS ID 9 -6.4 LR 50Omb/Trop -5.5 326 

80 ATMOS ID 9 -4.4 LR 500mb/Trop -3.5 80 

81 ATMOS ID 9 -2.4 LR 500 mb/Trop -1.5 28 

82 ATMOS ID 10 .5 LR Trop /lOmb .7 73 

83 ATMOS ID 10 1.1 LR Trop / 10mb 1.3 51 

84 ATMOS ID 10 1.7 LR Trop /lOmb 1.9 95 

85 ATMOS ID 10 2.3 LR Trop /lOmb 2.5 91 

86 ATMOS ID 11 1.5 LR lUmb/Strat 1.7 22 

87 ATMOS ID 11 2.3 LR lOmb/Strat 2.5 178 

88 ATMOS ID 11 3.1 LR lOmb/Strat 3.3 109 

89 ATMOS ID 11 3.8 LR 10 mb/Strat 4.2 16 

20 



TABLE 6.- TROPOPAUSE TEMPERATURE DISTRIBUTION 

I? TROP 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

No. of .profi.l. c- 
2 

11 

29 -f 
17 66 T= 194.9 

20 1 

21 

32 

32 

38 

42 

39 

45 

39 -7 
38 103 T= 204.9 

26 t 

10 

24 

20 

18 

18 

13 

T Trop 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

No. of profiles 

28 

17 
t 

15 49 T= 215.0 

17 
-L 

18 

31 

28 

25 

13 

22 

26 

18 
t 

19 47 T= 224.6 

10 
_I 

7 

5 

1 

2 

0 

2 
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TABLE 7.- STRATOPAUSE TEMPERATURE DISTRIBUTION 

? Strat 
247 

248 

249 

250 

251 

252 

253 

254 

255 

256 
257 

258 

259 

260 

261 

262 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

1 

0 

0 

0 

0 

1 

5 -T 
2 19 T = 254.4 

12 -A- 
4 

7 

6 

3 

4 

7 

5 

20 -f 
19 6s r = 264.1 

29 

14 

27 

45 

42 

46 

40 

19 

T Strat 
273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

No. of profiles 

86 

-f- 35 17 T = 273.8 

46 
_t 

37 

17 

41 

46 

37 

38 

14 

23 -7 
13 46 T = 283.7 

lo 1 
12 

9 

8 

5 

4 

3 

1 

0 

0 

0 

0 

0 

0 

0 

1 
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Lapse R?te from 500 mb to Tropopause 

The approach discussed above was also used here. However the distribution 
necessitated including a larger number of lapse rates in each subset than the 
number of temperatures used above. The average lapse rates sought within 
the subsets were -8, -6, -4, and -2, but because of the distribution as shown 
in Table 8, the resulting averages were -7.85, -5.93, -4.06, and -1.93; 
therefore, the interval between the averages deviates slightly rather than 
being constant. 

Subsets (nos. 78 to 81) are ‘indicated in Table 8 and listed in Table 1. 

Lapse Rate from Tropopause to 10 mb 

The distribution shown in Table 9 contains negative lapse rates, some of 
which were questionable at the time of subset selection. The selection was 
consequently. made without considering the negative lapse rates; sample sizes 
were considered to be sufficiently large such that omission of some profiles 
which might have erroneously been included under negative lapse rates would 
not affect the result. Later it was determined that there was no error int he 
negative lapse rates, but subsets had already been selected and the statistics 
calculated. It was decided not to include negative lapse rates in a special 
auxiliary run since qualitative estimates of the effect of this factor could be 
made with the subsets previously selected. Subsets (nos. 82 to 85) are 
indicated i,n Table 9 and listed in Table 1. 

Lapse Rate from 10 mb to Stratopause 

The approach used here was the same as for the other identifiers. The nature 
of the distribution necessitated one subset to be taken over a larger number of 
lapse rates than the other three, as shown in Table 10. Subsets (nos. 86 to 89) 
are also listed in Table 1. 

Land/ Sea 

All input data were identified as belonging to one of three land/sea categories, 
which became three subsets, as listed below: 

Subset No. Characteristic 

91 Sea 

92 Land, surface height ~0.5kn-1 

93 Land, surface height > 2 km 
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TABLE 8. - 500 mb/TROPOPAUSE LAPSE RATE DISTRIBUTION 

LR No. of profiles LR 

-9.1 

-9.0 

-8.9 

-8.8 

-8.7 

-8.6 

-8.5 

-8.4 

-8.3 

-8.2 

-8. 1 

-8.0 

-7.9 

-7.8 

-7.7 

-7. fi 

-7.5 

-7.4 

-7.3 

-7.2 

-7.1 

-7.0 

-6.9 

-6.8 

-6.7 

-6.6 

-6.5 

-6.4 

-6.3 

-6.2 

-6. 1 

1 

0 

0 

0 

0 

2 

5 

2 - 

4 

1 

3 

1 

8 

4 

6 

9 

3 - 

15 

9 

3 

11 

4 

18 

21 

14 

38 

- 
LR = 

-7.85 

16 

34 

34 

27 

30 

-6.0 

-5.9 

-5. 8 

-5.7 

-5. 6 

-5.5 

-5.4 

-5.3 

-5.2 

-5. 1 

-5.0 

-4.9 

-4. 8 

-4.7 

-4. 6 

-4.5 

-4.4 

-4.3 

-4.2 

-4.1 

-4.0 

-3.9 

-3. 8 

-3. 7 

-3. 6 

-3. 5 

-3.4 

-3.3 

-3.2 

-3. 1 

-3.0 

No. of profiles 
--_--_ 

23 

30 I 
I 

40 
326 

LR= 

37 
I 

-5.93 

41 

30 -L 

23 

28 

19 

21 

21 

10 

11 

23 

5 

18 

7 

9 

10 

12 80 

7 LR= 

3 -4.06 

3 

7 

4 

3 

8 

2 

2 

3 

LR No. of profilE- 

-2.9 

-2.8 

-2.7 

-2.6 

-2.5 

-2.4 

-2.3 

-2.2 

-2.1 

-2.0 

-1.9 

-1.8 

-1.7 

-1.6 

-1.5 

-1.4 

-1.3 

-1.2 

-1.1 

-1.0 

-0.9 

-0.8 

-0.7 

-0. 6 

-0.5 

-0.4 

-0.3 

-0.2 

-0.1 

-0.0 

- 70 

4 

24 



TABLE 9.- TROPOPAUSE/lO mb LAPSE RATE IXSTRJBUTI~N 

LR -~ 
-1.4 

-1.3 

-1.2 

-1.1 

-1.0 

- .9 

- .8 

- .7 

- .6 

- .5 

- .4 

- 3 . 

- .l 

- 0 

.l 

.2 

. 3 

.4 

.5 

.6 

. 7 

.8 

. 9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

No. of profiles ~_= - -. 
1 

0 

0 

0 

1 

3 

7 

3 

4 

13 

8 

14 

22 

18 

32 

26 

22 

20 

28 

24 f 
26 73 

23 A!-. 
9 

12 

14 

13 
c 

24 51 

I4 L 
31 

10 

LR=O. 60 

LR= 1.20 

LR 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

3.0 

No. of profiles 

17 

30 4 
35 g5 LR = 1.80 

30 

49 

56 

49 

30 
t 

41 91 m=2.39 

2o 3 
27 

7 

10 

25 



TABLE 10. - 10 mb/STRATOPAUSE LAPSE RA.TE DISTRIBUTION 

LR 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

3.0 

3.1 

3.2 

3.3 

3.4 

3.5 

I 

No. af orofiles 

2 

1 

3 

5 f 
8 22 = = 1.62 

9 1 
20 

34 

32 

47 

54 - 

66 t 
57 178 = = 2.39 

55 I 
59 

42 

50 

67 

53 

41 f 
40 109 zx = 3.19 

28 

20 

8 

LR 

3.6 

3.7 

3.8 

3.9 

4.0 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

No. of_pypfiles 

5 
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Circulation Regimes 

Dominant features of the 200 mb circulation expected to exert an important 
influence on temperature profiles and, hence, on radiance profiles, are. 
troughs, ridges, and jet streams. Consequently, each radiance profile was 
identified by the circulation regime existing in the vicinity of the tempera- 
ture sounding. Six subsets resulted as shown below: 

Subset no. Circulation regime 

94 No feature 

95 Jet 

96 Trough 

97 Ridge 

98 Jet and trough 

99 Jet and ridge 

Reference Subset 

Subset 90 is the reference subset; it consists of 839 profiles representing 
the total Horizon Definition Study primary body of data, excluding the 
climatological set. The mean and standard deviation for this subset is the 
estimate of the total population mean and standard deviation to which all 
other subsets are compared to determine significant effects. 
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RESULTS 

Results are displayed on X-Y recordings with each plot containing statistics of 
radiance or normalized radiance for several subsets to permit comparison of 
means and standard deviations over like subsets. Appendix A contains the 
complete 132 plots obtained. 

Conclusions are presented below in the same order as the discussion of the 
selection of subsets; figures referred to are duplicates of those in Appendix 
A and are included in the text for ease of reference. 

Diurnal Effects 

The curves of Figure 8, which show mean radiance for a variety of day and 
night conditions, suggest that nighttime radiance is greater than daytime 
radiance. However, this conclusion is doubtful because of limitations in 
the input data. The number of soundings available for determination of 
diurnal effects was small which resulted in a small sample size. In 
addition, nighttime measured temperature profiles did not exist in a 
number of instances, and required temperature profiles were obtained by 
interpolating between two daytime soundings. Consequently, several 
radiance profiles, identified as nighttime radiance, reflect daytime con- 
ditions. 

Seasonal Effects 

Results of averaging all latitudes and longitudes by season are shown in Fig- 
ures 9 and 10. Radiance is highest in summer and lowest in winter, as 
expected, but in spring, radiance is higher than in autumn. The difference 
between spring and summer mean is greater than the difference between fall 
and winter. Standard deviation is significantly greater in winter than in other 
seasons which do not exhibit consistent differences. At low tangent heights, 
standard deviation is lowest in autumn and increases in order of summer, 
spring, and winter. At higher tangent heights, standard deviation increases 
in order of seasons from a low in spring to a high in winter. 

Seasonal Effects with Latitude 

Seasonal differences are greater at higher latitudes as illustrated by Figure 
11 which shows the difference between fall and winter profiles at Cape 
Kennedy and at Fort Churchill. Figure 12 shows that the lower latitudes do 
not exhibit the normal tendency for radiance to be higher in summer than in 
spring; radiance decreases in order of spring, summer, fall, and winter. 
Radiance at lower latitudes is, in every season, greater than the overall 
average. Lower latitudes also do not exhibit the same variation in standard 
deviation as the total population; summer, rather than winter, exhibits the 
largest standard deviation as shown in Figure 13. Middle and upper latitudes 
behave similarly to the population as shown by Figures 14 and 15. Compari- 
sonof Figures 13; 14, and 15 shows that seasonal differences are greatest at 
higher latitudes. 
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Identification 

Cape Kennedy swing day 

Cape Kennedy spring night 

Cape Kennedy winter day 

Cape Kennedy winter night 

White Sands fall day 

White Sands fall night 

Overall diurnal day 

Overall dirurnal night 

Remaks 

7 PM local, 5/21-5/2a/b4 

7 AM local, 5/21-5/28/b4 

7 PM local, 12/7-12/1O/b4, 2/a-2/17/65 
7 AM local, 12/7-12/10/64, Z/8-2/17/65 
4 PM local, ii/la-n/25/64 
4 AM local, ll/la-11/25/64 
Subsets 1, 3, and 5 averaged 

Subsets 2, 4, and 6 averaged 

Tangent height, km 

Figure 8. Mean Radiance Versus Tangent Height, Diurnal Subsets 



0 
0 

Tangent height, km 

Figure 9. Mean Radiance Versus Tangent Height, Seasonal Subsets 
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Figure 10. Radiance Standard Deviation versus Tangent Height, Seasonal Subsets 
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Figure 12. Mean Radiance Versus Tangent Height, Seasonal Effects at Low Altitudes 
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Figure 13. Radiance Standard Deviation versus Tangent Height Season/Latitude Subsets 
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Figure 14. Mean Radiance versus Tangent Height, Seasonal Effects at Middle Latitudes 
w 
cn 



, . , 

Tangent height, km 

Figure 15. Mean Radiance versus Tangent Heights, Seasonal Effects at High Latitudes 
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Latitude Effects 

For all tangent heights, radiance decreases with higher latitudes, as shown 
by Figure 16. Above about 30 km, the profiles in each latitude band are 
uniformly separated; below 30 km, radiance in the polar region is significantly 
below radiance in any of the other latitude bands for which the difference is 
small. Figure 17 shows a definite trend for standard deviation to increase 
with increasing latitude. 

Latitude effects in each of the four seasons can be seen by referring to Figures 
A45 through A60 in Appendix A. 

Longitude Effects 

Figure 18 shows that small differences exist, but that a trend is shown for 
radiance to decrease as longitude varies from west to east. This effect is 
expected to be caused by longitude itself since, unlike latitude for which a 

not 

definite physical basis for the effects can be shown, no physical basis exists 
to explain any longitude variation. The effect is expected to be caused by 
either the general weather patterns which exist in the region for which input 
data is available or by the geographical pattern that exists, i. e. , longitude 
bands used consist, generally, of pacific longitudes, North American Westerly, 
Central, and East Coast longitudes. 

In Appendix A, seasonal effects in each longitude band are shown in Fig- 
ures A65 through A80 and the longitude effects in each season are shown in 
Figures A81 through A96. 

Tropopause Temperature 

Radiance does not exhibit systematic behavior with tropopause temperature, 
but, as in Figure 19, standard deviation does show a definite trend to increase 
with increasing tropopalAse temperature. 

10 Millibar Temperature 

Figure 20 shows a pronounced systematic effect of 10 mb temperature. Near 
peak radiance, radiance is almost linearly related to temperature by: 

N = 3. 7-t. 0.6 
> 

( 1) 

A similar relationship exists at other tangent heights, with slope and intercept 
in the above expression appearing to be some function of.tangent height. It can 
be seen that 10 mb temperature affects limb brightening. At 210°K, neither 
brightening nor darkening exists; below that temperature limb darkening occurs, 
and above that temperature limb brightening becomes more pronounced with 
increasing temperatures. Standard deviation behaves erratically with IO mb 
temperature. 
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Figure 16. Mean Radiance versus Tangent Height, Latitude Subsets 
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Figure 17. Radiance Standard Deviation versus Tangent Height, Latitude Subsets 
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Stratopause Temperature 

The curves of Figure 21 suggest a possible trend of increasing radiance with 
increasing stratopause temperature, although the two lower curves are nearly 
the same but significantly different from the two upper curves, which are nearly 
the same. Stand&d deviation does not exhibit systematic behavior with strato- 
pause temperature. 

Lapse Rates 

Figures 22 and 23 show that radiance may be nonlinearly related to the 500 mb/ 
tropopause lapse rate and the IO mb/stratopause lapse rate. On each figure, 
radiance changes from one lapse rate to the next in successively large incre- 
ments. No systematic variation of radiance with tropopause/ 10 mb lapse rate 
was found. ” t 

Only tropopause/ 10 mb lapse rate was found to affect radiance standard devia- 
tion. Figure 24 shows standard deviation decreasing in decreasing increments 
as lapse rate increases. 

CONCLUSIONS 

Profiles exhibit expected systematic variations with season and latitude; 
radiance varies from a high in summer to a low in winter and from a high 
in the tropics to a low at the poles. The magnitude of seasonal variations 
is greater in the polar regions. Profile shape and amplitude is not 
significantly affected by longitude, land mass, sea mass, or circulation 
regimes. Tropopause temperature variations do not cause systematic 
variations in radiance, but standard deviation does increase uniformly with 
increasing tropopause temperature. Apparent systematic variations in 
radiance are caused by 10 mb temperature, stratopause temperature, 500 
mb /tropopause lapse rate, and 10 mb/stratopause lapse rate. Of these, 
the most significant is the nearly linear dependence of radiance on the 10 mb 
temperature which suggests the possibility of obtaining a simple, accurate 
method of calculating radiance profiles with the 10 mb temperature as the 
only required input data. 

It must be remembered that the above specific conclusions. result from the 
analysis of mean profiles determined from the subsets. Any single radiance 
profile may not exhibit the same characteristics as these mean data. 

43 



6.0 

5.0 

4.0 

” 

$ 3.0 
P 
E 
j 

5 2 2.0 

1.c 

I- 

l. 

-30 -20 -10 0 10 20 30 40 

Tangent height, km 

50 60 70 80 

Figure 21. Mean Radiance versus Tangent Height, Stratopause Temperature Sheets 



6.0 

5.0 

L 4.0 
: 

s-4 
E 

2 

f 3.0 

z 

5 
s 

2.0 

1.0 

-_ 

! / I 
I I Subset 

/ I 
\ I 

I 
/ . . ._: 

- . ;. 
-.- 

..I .-.-.i; -e-.= I--.,: 
-.. ..~.. 1 

, ___ -._ -~ -- --..I- 

, ^ I .._../_ __--... ;__ .-.--. 

/ 
- 

7. 
-- 

-. 80 Atmos ID9 

81 

I -20 -10 0 10 

Identification Remaks 

- Atmoe ID9 -8.4 LRSOO mb/trop -7.5 Av LR = -7.85 

Atmos ID9 -6.4 LR500 mb/trop -5.5 Av LR = -5.93 

-4.4 LRSOO mb/trop -3.5 Av LR = -4.01 

Atmos ID9 -2.4 LR500 mb/trop -1.5 Av LR = -1.93 

I 30 40 50 60 70 80 

Tangent height, km 

Figure 22. Mean Radiance versus Tangent Heights, 500 
mb/Tropopause Lapse Rate Subsets 



Identification Remarks 

Atmos ID11 1.5 LRlOmb/strat 1.7 Av LR = 1.62 

Atmos ID11 2.3 LRlOmb/strat 2.5 Av LR = 2.39 

Tangent height, km 

Figure 23. Mean Radiance versus Tangent Height, 10 mb/Stratopause 
Lapse Rate Subsets 



.b 

Subset 
curve Identification Remarks 

02 ALma l&O 0.5 LRtrop/lOmb 0.7 Av LR = 0.60 

83 Atmos ID10 1.1 LRtrop/lDmb 1.3 Av LR = 1.20 

a4 AtmoslDlO 1.7 LRtrod10mb1.9 Av LR= 1.80 
85 Atmos IDlD 2.3 LRtrop/lOmb 2.5 Av LR = 2.39 

90 839 profiles 

-30 -20 -10 0 10 20 30 40 50 60 70 8C 

Tangent height, km 

Figure 24. Radiance Standard Deviation versus Tangent Height, 
Tropopause/lO mb Lapse Rate Subsets 



EMPIRICAL CURVE FITTING 

An important part of the analysis of radiance profiles and their relation to 
the profile identifiers is fitting an appropriate mathematical function to the 
profiles and relating the coefficients in the function to appropriate identifiers. 
Two techniques were used to find closed form functions which fit the profiles. 
One technique discussed in detail in phenomonological curve fitting was based 
on the physics of the problem with the resulting functions containing key 
atmospheric parameters as independent variables. The other technique, 
discussed in this section, is empirical curve fitting in which the objective 
was to find a closed form function of only one independent variable, tangent 
height. With such a function, radiance profiles could be calculated without 
the necessity of depending on meteorological input data, provided that the 
dependence of the function’s coefficients and exponents on time and space 
are adequately described. 

Usually by curve fitting, a function is defined that adequately fits the data and 
is convenient for interpolation. 
a polynomial, 

It is possible to find a functional form, usually 
and concentrate on evaluating the coefficients for a best fit. 

The polynomial is frequently used for this purpose because of the relative 
ease in evaluating its coefficients. The present application of curve fitting, 
however, was considerably broader than interpolation. The goal was to find 
a functional form compatible with a large number of radiance profiles, so 
their differences can be reflected entirely by the variation of the coefficients. 
It was necessary, therefore, to examine many functional forms, choosing for 
further investigation orily the most promising. Functional forms that survived 
this initial examination were tested further by fitting to selected clima- 
tological profiles and analyzing the variation of the coefficients with respect 
to such factors as latitude, time of year, and others. In subsequent para- 
graphs, follow.ing a description of the techniques used in both identifying and 
fitting potentially satisfactory functions, each functional form investigated 
during the study is discussed. Results of fitting certain of the better func- 
tions to 20 profiles representing tropical to polar latitudes for each of the 
four seasons are then shown. 

IDENTIFICATION OF FUNCTIONS 

The search for suitable functions employed two techniques, one involving 
exploration of the geometric properties of particular functions which were 
known to produce curves similar to radiance profiles and the other involving 
a transformation of variables to yield a straight line. As an example 
of the former technique, consider the following. Observation of many pro- 
files shows that, depending on whether there is limb brightening, there may 
or may not be a maximum and the number of points of inflection may be two 
or one. Finally, as the tangent height, h, approaches its largest practical 
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value (about 80 kilometers), the radiance N and the slope g approach either 

zero or negligibly small values. Thus, any functional form must be adaptable 
to these geometric features of the profile while not introducing any unreal 
features in the range of values of tangent height. As an example, consider 
the function 

N = aembh-cesdh 

where a, b, c, and d are positive. The slope is expressed as 

dN = abesbh+cde- dh 
dh 

dN Setting dh = 0 yields the extremum with coordinates 

h = &- log, 2 

and 

(2) 

(3) 

(4) 

(5) 

Whether this extremum is a maximum or a minimum is determined by 
examining the second derivative, which is expressed as 

d2N _ -- 
dh2 

ab2eBbh-cd2emdh . (6) 

At the extremum point we find that 

i 1 
1 d&x = - tab) d d-b 

dh2 3 
(d-b). (7) 

For d > b, N is both positive and a maxumum. For b > d, N is both negative 
and a minimum. The case b = d is of no interest. Since N is never nega- 
tive, the extremum will always be a maximum. Therefore, it appears that 
the functional form for N is satisfactory. When, however, the second 
derivative is set equal to zero, there is only one point of inflection. Hence, 
this functional form for N can accommodate only radiance profiles with 
limb darkening. These results obviate the need for fitting this functional 
form to profile data, at least those characterized by limb brightening. 
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The technique of transforming the variables to yield a linear relationship is 
well known in certain instances, the commonest being the logarithmic trans- 
format ion. There are few physical studies that do not provide examples of 
plotting data against either logarithmic or semilogarithmic coordinates. If 
a plot of log y vs x yields a straight line, that is, 

it follows that 
log Y = mx+b, (8) 

Y xI = ac (9) 

where c and a are constants related to the slope m and the intercept b 
on the vertical axis, respectively. Many functions yield readily to the tech- 
nique of transforming the variables. Thirteen such functions, together with 
their appropriate transformations, are shown in Table 11 taken from reference 
one. It should not be assumed, however, that all functions are susceptible to 
this technique. In fact, a few attempts with several randomly chosen functions 
will make this fact clear, especially if there are many coefficients. 

There are a number of identification techniques too specialized to be very use- 
ful. Only one such scheme warrants consideration in this document. The 
most frequently used functional form in curve fitting is the polynomial. An 
nth-degree polynomial has the unique property that the nthsuccessive differ- 
ences of ordinates of points with equally spaced abscissas are constant. 
Therefore, the appropriateness of a polynomial as a functional form can be 
found by means of a difference table. An example taken from reference two 
is shown in Table 12. The first two columns represent experimental data 
and the remaining columns successive differences of the ordinates. It may be 
seen that the third differences are reasonably constant and that, therefore, 
the relation between x and y is approximately of the form 

=a y 0 
3 + alx + a2x2 + a3x , (10) 

Application of this procedure to the radiance profiles showed that no particular 
ith difference would be constant; hence, it must be concluded that a polynomial 
cannot adequately represent a radiance profile. It may be argued that an nth 
degree polynomial can be made to fit exactly n + 1 data points, but it does not 
follow that such a fit would be appropriate. On the contrary, this polynomial 
would have n- 1 matima and minima, and the probability is very low that the 
correct number of each would fall in the range of interest. 
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TABLE 1 l.- DATA TRANSFORMATIONS 

Functional form 

1. N = A0 +Alh 

2. N = Age Alh 

3. N=A h A1 
.O 

4. A1 N=A +- 
’ h 

5.N= h 
A0 + Alh 

^- Transformation to straight line 

r Abscissa Ordinate 
h N 

h log N 

log h log N 

l/h N 

h h/N 

6. N = A0 + Ale A2h 

7. N=A + Alh A2 
0 

8. N=A + A1 
0 h - A2 

h 
9. N=A + 0 A1 +A2h 

10. N =Ao+Alh+A2e A3h 

h 

log h 

h - ho 

h 

h 

log (AN/Ah) 

log [AN /Ah] 

h - ho 

N-NO 

h - ho 

N-NO 

1% CA%/(AhJ2] 

11. N = AOAl 
h 
A2 A3 

h 
h log [A210g N/(Ah)2] 

or 

h N = AOAl A2 m (where m = A3h) 

12a N =A e Alh A3h 
0 + A2e Nk+l N k+2 

12b N = e AOh (Al cos A2h + A3 sin A2h: Nk Nk 
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TABLE 12. - SUCCESSIVE DIFFERENCES 

v 

2.105 

2.808 

3.614 

4.604 

5.857 

7.451 

9.467 

11. 985 

AY 

0.703 

0.806 

0.990 

1.253 0.078 

1.594 

2.016 0.080 

2.518 

A2Y 

0.103 

0.184 

0.263 

0.341 

0.422 

0.502 

A’y 

0.081 

0.079 

0.081 

-0.002 

-0.001 

+o. 003 

-0.001 

CURVE-FITTING TECHNIQUES 

Once a particular functional form has been identified as meeting the minimal 
requirements for possibly representing a profile, the next logical step is to 
fit a set of actual data points and thus determine how good a fit is obtainable 
with this function. 

If the function to be fitted is linear with respect to its coefficients, a number 
of schemes are available, (method of averages, method of least squares, 
method of moments, and others). Those schemes adopted in the present 
program are described below. If the function to be fitted is nonlinear with 
respect to its coefficients, special techniques are required to adapt the above 
schemes to this nonlinear situation. Special techniques adopted in the present 
program are also described below. 
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Mathematical Background 

Suppose that a nonlinear function f(cl. c2,. . . , cm; x) depending on m para- 

meters cl, c2, . . . , cm, is to be fitted to a set of observed data (xi, yi), 

i= 1,2 a* n 0, n. In general n >> m. 

Mathematically speaking, this problem is equivalent to optimizing the m 
parameters c such that 
f(c;x1), f(c;x2), . . . , 

- Y 1 is least, where F(c) is the vector 
and where Y is the vector yl, y2,. . . , yn. 

It is frequently convenient to take as the norm of a vector z = 

(z,. 3’ l . . , zn) the Lp norm, which is defined as 

1 
n 

i r 

‘; ,zi,p p . ..’ 
i=l 

Of these, the L2 norm (“least squares”) and the L” norm (“Tchebychev”) 
are the most often used. 

Thus, for a least-squares approximation, the parameters c are optimized 
such that 

1 

n 1 

(_, If(c;xi) - yi I2 1 

2 

\ i=l I 

is least. For the Tchebychev type of approximation the parameters c are 
optimized such that 

maxi If(c;xi) - yil’ (i = 1, 2, . . . , n) 

is least. 

Computer programs incorporating these two modes of optimization and one 
other mode were constructed. 

The Tchebychev approximation is simply linear programming, which follows 
well established procedures but is limited in application to functions which 
are linear in the coefficients. Although the least-squares approximation is 
similarly limited in general practice, it is adaptable to functions nonlinear in 
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the coefficients. The third mode of optimization combines a random-search 
technique with parabolic interpolation. Each unknown coefficient is varied, in 
turn, in an effort to minimize the preselected L norm. 
multi-dimensional minimum finder”, 

The “general-purpose, 
as this third mode computer program 

was called, proved rather awkward to use for Tchebychev type approximations. 
For least-squares approximations it worked better, but still too slowly to 
process the given radiation profiles efficiently. This approach was, therefore, 
abandoned in favor of the two other techniques, which are discussed in some 
detail in the next two sections. 

The Linear-Programming Approach (Tchebychev Approximation) 

The approach using the general-purpose minimum finder had the advantage of 
imposing no restriction whatever on the type of function f(c;x) chosen to fit the 
given radiation profiles. The technique to be discussed now, on the contrary, 
is restricted to those functions f(c;x) which give rise, in some manner or ‘other, 
to a system of equations linear in the coefficients. 
functions f(c;x) are as fOllOWS: 

A few examples of such 

(1) Polynominals: 

xl 

f(c;x) = cj XJ. (11) 
ji0 

The Tchebychev approximation problem is to optimize the coefficients c. such 
J 

m 
that maxi .F (i=l,2,..., n, where n is the number of data points) 

j =b 
cj xi - yi 

I 

is least. This is equivalent to obtaining the best Tchebychev-type “solution” 
of the overdetermined system of linear algebraic equations (in the coefficients 
cj): 

m 
P 1 xL.=y i 

(i = 1,2 ,..., n). (12) 
j&O ’ J 

(2) Rational functions: 

f(c;x) = -’ cjxj/ F djxj. 
j=/d j=O 

(13) 

54 



-. 

The objective is to optimize the coefficients cj~ dj such that 

I I 
r S 

max. 1 IJ&o Cj ~3 / j20 dj ti = I,&. . ..n) 

is least. This problem, as it stands, cannot be attacked directly by the 
linear-programming method (although it is susceptible to other techniques). 
To render linear programming applicable, consider instead the auxiliary 
problem obtained by multiplying the above expression by the denominator. 
The objective then is to optimize the coefficients c., d., such that 

3 J 

maxi F 
I j=b 

Cj Xi - Yi j70 dj Xi 
I 

(i = 1, 2,. . . , n) 

is least. 

The corresponding system of linear equations (in the c. and dj) is 
J 

; xi J -’ (-yix$d. =0 
j =‘O 

c.+ >, (i = 1,2,...,n) 
j=O I J 

(3) Reciprocals of square roots of polynominals: 

(14) 

(15) 

Instead of minimizing 

I m 
j 

-l/2 
max. 

1 !i ): 
\ ji.0 5 xi 11 

- Yi (i = 1,2,...,n) 

the auxiliary problem obtained by taking the reciprocal of the square is to 
optimize the coefficients c. such that 

J 
‘% 

max. > 
’ 9) 

cj xi - yr2 
1 

(i = 1,2 *..., n) 

is least. The associated system of linear equations (in cj) is 

F xi cj =yf2 (i=1,2 ,..., n). 
j=b 

(16) 
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An alternative auxiliary problem obtained by the additional operation of multi- 

plying by y2 is to minimize 

max. 
1 

! 

j 
7 xi 

(i = 1,2,...,n) 

The associated system of linear equations is 

y (ytxi) cj = 1 (i = 1,2 ,..., n). 
j=O 

(4) Powers of rational functions: 

/ 

S s cl 

1 dxj , 
Juno j i 

(17) 

(18) 

where q need not be an integer. The auxiliary problem is to optimize c., d. 
such that J J 

r 
max. j’ cjx;-yt/q f d. x! 

’ j=O j=o J1 
(i = 1,2, . . . , n) 

is least, with the corresponding system of equations 

xi, dj I = 0 ti = 1,2,. . . ,n) 

An alternative auxiliary problem is to minimize 

S 

max. 7 d x! - Y:“~ i’: cj xi 
1 j';.~ j 1 1 

jib 

(i = 1,2,. . . ,n) 

with the corresponding system of equations 

s . r 
) x?d.+ >7 

j-go 1 J j&b 
-y (i = 1,2....,n) 

(5) Arc tangents of rational functions: 

, r 
f(c;x) = arctan I >-7 c. x 

io J 
dj xj]. 

1 

(19) 

(20) 

(21) 
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The auxiliary problem is to optimize cj, dj such that 

max. f 
’ j&O 

cj xi - (tan yi) t 
j=O 

dj xi 
I 

(i = 1,2,...,n) 

is least. The associated system of equations is 

r . S 

7,’ x? c. -t ‘i’ 
jZ0 ’ J jGb i . 

- xi tan y ti = 1,2,. . . .n) 

(6) Functions of rational functions: 

f(c, x) = @J jjgb 'j x’/Jo dj xj) 7 

Where 0 possesses a unique inverse +. 

The auxiliary problem is to minimize 

cj xi/ - [ $(Yi)] p: . ! dj x;! 
j=‘O , 

(i = 1,2 >-**a n). 

The associated system of equations is 

(23) 

;: x? c. + ‘T. (- [$(yi)] d -0 
ji0 ’ J 

(i = 1, 2,. . . , n) 
j=b L j 

An alternative auxiliary problem is to minimize 

max. 
1 ti = 1,2 ,..., n). 

The corresponding system of equations is 

7 
=o (i = 1,2 *a-.* n). 

(22) 

(24) 

(25) 
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This last example subsums all five preceding examples as special cases. 

In all of the above examples except the first, it was necessary to make a trans- 
formation to .obtain a set of equations linear in the coefficients. Consequently 
the minimization of the vector 

IF(C) - Yj 

is replaced bg the minimization of the vector 

IgCF(C)l - g (Y), 1 

where g is the transformation. In general, these two minima are not equal 
but often are nearly equal. Hence, it is necessary to provide an independent 
check on the results obtained by linear programming whenever such a trans- 
formation is used. 

The Differential Correction Approach (Least Squares) 

As noted previously, the least-squares approximation is adaptable to functions 
not linear in the coefficients. This fact is not generally known for two reasons, 
First, the very common use of the polynomial in curve fitting as implemented 
by the least -squares approximation entails only simultaneous linear equations 
in the undetermined coefficients; and second, the additional labor required to 
adapt the method of least-squares to a function nonlinear in the coefficients is 
seldom warranted by the advantage in accuracy gained in the use of this function 
over the use of a polynomial. Therefore, a brief description of the method of 
least-squares, particularly as it applies to functions nonlinear in the coeffi- 
cients, is now given. It is desired to fit the function 

Y = f(x, Cj) (j = 1,2,....m) (26) 

to a set of data points 

(xi, yi) ti = 1 s 2, . . . t n). 

It is assumed that n.>m so that the system is overdetermined. Let vi be the 

residual or deviation of the computed value from the observed value of the 
ordinate; thus, 

V i = f(Xi) - yi. (27) 

The method of least-squares requires that the coefficient vector c be so 
chosen that 

s =g vi2 (28) 

i= 1 
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shall be made a minimum. This requirement is met by setting the partial 
derivative of S with respect to each coefficient cj equal to zero and solving the 
resultant set of m simultaneous equations for 

cj (j = 1,2, . . .,m). 

Thus, we have 

as iJV. 
- = 2 iL; vi e- = 

a f. 

2 fl [f(Xi) - yil- --?- = 0 
ac j - j - ac. 

J 

(29) 

(j = 1,2,. . . , m). 

These equations are called normal equations. If f(x) is linear in the coefficients, 
these normal equations will also be linear in the coefficients and, hence, easy 
to solve. If. f(x) is not linear in the coefficients, the normal equations may 
yet be easy to solve; in general, however, the solutions are difficult to obtain. 
Two approaches to solving these normal equations are described below. Both 
schemes are based on the Newton-Raphson method of solving one equation in 
one unknown and, hence, require good initial estimates of the unknowns. 
These estimates are “corrected” by means of increments computed on a 
differential basis; hence, the name “method of differential corrections” is 
applied to both schemes. In one approach these corrections are applied 
successively to each unknown in turn; in the other approach the c,orrections are 
applied simultaneously to all the unknowns. Both approaches can be iterated 
until the desired accuracy is achieved, provided the initial estimates are 
sufficiently good. 

The computer program implementing the method of differential corrections 
consists of three different subprograms: a starting procedure, a procedure 
implementing the method of “successive differential corrections”, and a pro- 
cedure implementing the method of “simultaneous differential corrections. ” 

The starting procedure is heavily dependent on the choice of the function f(c;x) 
to be fitted. However, the methods of successive and simultaneous differential 
corrections can be described in general terms. 

The quantity S (defined earlier) is a function of each coefficient cj. It follows 
that 

(as) =ac = dc. . 
ii J 

(30) 

The method of successive differential corrections considers each cj in turn 

and imposes on it the full responsibility for S being nonzero. Thus, combining 
this assumption with the use of the above exact differential relation as an 
approzimation for finite increments yields: 
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as AC. I, -say 
J i 

(31) 
J 

where AC; is the desired correction. Despite the coarseness of this approxi- 

mation, it; use for correcting the coefficients sequentially can be made to be 
a convergent process. 

If the other parameters cl, c2,. . . , c. 
J-1’ 

‘j+l’ ’ l . “m 

were already optimized, 

this would be the differential correction engendered by the Newton-Raphson 
process. 

It is clear that the success of this scheme depends on the quality of the pre- 
ceding starting procedure. 

For the method of simultaneous differential corrections, the quantity f(c, x.), 
which is a function of all the coefficients, is expanded into a Taylor’s series: 
For the purposes of this effort the series would be truncated beyond the linear 
terms. Taylor’s expansion about the initial estimates of the coefficients is as 
follows: 

m 
\ 

f(c, Xi) = f(co, Xi) + j&l 

af 
bc - (c. -c 

J 
jo) + ’ ’ ‘, 

j 0 

(32) 

Then S is expressed as 
7 

s = :.; 
I 

m 
Xi) + ; - 

,:’ af -, 2 

j.21 
f(Co’ I.--: 

L jkl \: a cj /, 
(c. - c 

J 
jo) + . . . -yi , (33) 

J 

where the subscript zero means evaluated at c. = c. 

Let c. - c. = AC!. 

(j = 1,2,. . . , m) and c. 

is the initial estimate of c.. TJhOen 
Jo 

J J Jo J 
i2 n r m 

S” 2; i 
i=l , 

f(co, Xi) + ; 
;af t 

j=l 
\c i Acj - Yi 

i j i. i 
(34) 

Assuming that good initial estimates of the coefficients can be made, the 
problem of correcting these estimates can be transformed from one of solving 
simultaneous nonlinear equations in the unknown cjVs into one of solving 

simultaneous linear equations in the unknown Acj%. This is done by setting 

the partial derivatives of S with respect to Acj equal to zero. Then, 
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BS 
-’ - ‘.--.’ - = 2 2 [ f(Co’ Xi) ‘$ (e) o Ac~-Y~] (fJo =O (35) 

“(Acj) i= 1 

(ii = 1, 2 J . ..J ml. 

These m equations in the unknown AC. Is are called normal equations and are 

treated in references 1, 2, and 3. In the last reference this procedure is 
called the Newton-Raphson method for simultaneous equations. These equations, 
when solved, yield the correction terms needed to improve the estimates; thus, 

C. = c. 
J Jo 

+Acj(j= 1, 2, . . . . m). (36) 

The new values of c. 
J 

can, in like manner, be further corrected. 

As an example of the computer implementation of differential corrections 
consider the function 

2 

Y= cl. 7 c.2x :: c3x. _ 
I 

-.-_ .- 
-I 1+ c4ec5” 

t (37) 

which is fitted by the procedures described in this section. 
cedure is as follows. 

The starting pro- 
For positive c5, an assumption which is likely to be 

satisfied (ref. 4), assume that exp (c,x) is negligibly small at the three left- 

most points (x,, y,), (x2, y,), and (x3, y3). Then starting values for c 1’ c2’ 
and c 3 can be found by fitting a parabola through these three points (x,, yl) 

i = 1, 2, 3. With these values of cl, c2, c3, we can find values for c 4 and 
c 5 by fitting the function f(c;x) through the last two points (xn- 1, yn- 1) and 

(xn, y,). This process is repeated until there is no further improvement. The 

computer program then proceeds to apply successive differential corrections. 
Finally, simultaneous differential corrections are made, and the final results 
printed out. 

Comparison of the Methods of Linear Programming 
and Differential Corrections 

The linear programming method is restricted to certain approximating functions 
which lead to linear systems of equations. However, for such functions this 
method works very well. Essentially the linear programming method is a 
finite algorithm which yields the best possible set of parameters in a finite 
number of steps. Thus it is very fast and highly efficient in actually locating 
the best possible set of parameters. 

61 



Moreover, changes in the type of approximating function can be implemented 
easily. 

It is, therefore, felt that the linear programming method is a good exploratory 
tool, for the restricted set of approximating functions to which it is applicable. 

On the other hand, the method of differential corrections, while able to handle 
all types of approximating functions, no matter how nonlinear and transcendental, 
suffers from the drawback that the method is iterative and, hence, possibly 
slow. 

Also, the method fails to converge on the desired solutions if the initial es- 
timates are not sufficiently good. This makes it very clear that this method 
is highly sensitive to the quality of the starting values. If these values are 
good, that is, near to the optimum, the method of differential corrections will 
converge to that optimum very fast. However, if the starting values are far 
from the optimum, this process breaks down and no improvement ensues. 

FUNCTIONS INVESTIGATED 

Functions identified by previously described techniques were examined for 
applicability to fitting radiance profiles by several methods. The resulting 
curve shape was analyzed through examination of derivatives and location of 
inflection point. Also, one or more profiles were fitted to the curves, and the 
residuals were analyzed. Finally, the transformed variables were plotted and 
analyzed. Initially, the profiles used for fitting were those of Wark, et al 
(ref. 5); later in the study, climatological profiles calculated by the horizon 
definition study radiance profile synthesizer were used. All functions which 
were considered are listed in Table 13. The basis for identification, the 
investigatory techniques used, and the results are discussed below. Function 
3, ratio of two polynomials, produced the most accurate fit although 10 co- 
efficients were required. Function 7, trigonometric series, produced nearly 
the same accuracy with only 5 coefficients. These functions were selected to 
be fitted to 20 profiles representing averages for polar to tropical latitudes for 
four seasons. The results are presented following the discussion of all func- 
tions considered. 

Function 1 

n 

N= 
c 

Akhk 

k=O 

The polynomial approximation can be made to fit an arbitrary number of points 
exactly,provided that a sufficient number of terms are used. In this application, 
at least four terms must be used to provide the two inflection points charac- 
teristic of profiles which exhibit limb brightening. To satisfy the asymptotic 
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TABLE 13. - FUNCTIONS IDENTIFIED FOR EMPIRICAL 
CURVE FITTING 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

c Akhk 

A0 (A1 + h) 

h2 f A2h + A3 

i Cj hj 

1 +f Dkh 
2k 

1 

A0 + Alh + A2h2 

% + A eAdh 
3 

(A0 + Alh)e 
- A2(h-A.3) 

A0 + Alh + A3e 
-A4(h-A5)2 

II nA 2m-1 cos (2 m-l) 8 
m=l 

AOe 
Alh 

AOh 
A1 

A1 
A0 +-- 

h 

h 

Ao+Alh 

A0 + Ale A2h 
_--- 
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TABLE 13. - FUNCTIONS IDENTIFIED FOR EMPIRICAL 
CURVE FITTING Concluded 

13. A0 + Alh A2 

14. A0 + Alh + A2e A3h 

h 
15. AOA lhA2 

A3 

16. AOe 
Alh +A e A3h 

2 

eAOh (Al cos A2h + A3 sin A2h) 

Ao(A1 - h) 
17. 

A22 + (A1 - h)2 

18. A o [l-e 

-(Al-W/A2 

I 

Ao+Alh 

19. 
1 + A2h2 + A3h4 

A0 + A1 In h 

1 + A2 (In h)2 + A4 (In h)4 

A1 +A2h 

21. -1 A0 tan 
1 + A3h + A4h2 

A1 + A2 In h 
22. A0 tan-’ 

1+A31nh+A41n2h 

AOe 
- Alh 

23. 
h2 + A2h f A3 
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nature of the profile at large tangent heights, the additional constraints which 
drive both radiance and slope to zero at the applicable tangent height are re- 
quired. Also, slope and curvature constraints must be imposed to insure 
reproduction,of the profile shape in the vicinity of peak radiance. With these 
additional constraints, the coefficients of a four-term polynomial are over- 
determined. Higher-degree polynomials are undesirable because of the 
requirement that no real roots exist in the applicable tangent height range and 
the lack of control over shape of the polynomial fit between points used to 
determine the coefficients. This functional form was not considered further. 

Function 2 

N= 
AoOI+A1) 

h2+A2h+A3 

This function is a generalization of the torque-versus-slip characteristic of 
induction motors (see Figure 25). Coefficients were obtained by fitting three 
points, zero radiance, peak radiance, and radiance at zero tangent height, on 
the radiance profiles calculated by Wark et al., (ref. 5), see Figures 26 and 27, 
and imposing the condition that the slope be zero at the altitude of peak radiance. 
This condition on the derivative was imposed to ensure that limb brightening, 
as exhibited in all of Warkls profiles, would be reproduced by the function. 
The results, for Wark’s atmosphere A are shown in Figure 28 which illustrates 
the poor fit obtainable by this function. Since the function produced a curve 
having nearly the correct shape, it appeared that a good fit could be obtained 
by minor modification to the functional form. To determine one such modifica- 
tion, several sets of the four coefficients were calculated using four points in 
different regions of one profile. The behavior of the coefficients, as the set of 
four points used was varied across the profile from lower to higher tangent 
heights, would determine whether the coefficients themselves were some 
function of tangent height which would lead to a modification of the functional 
form. However, as shown in Figure 29 and Table 14, the coefficients did not 
exhibit systematic behavior with tangent height. 

A second modification, that of adding terms to both numerator and denominator, 
was tried as discussed under the next functional form. 
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Figure 25. Speed-Torque Curve Resembling a 

Radiance Profile 
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B Summer 

c summer 

Location 

(ARDC. Standard) 

Albuquerque. New Mexico 

Ponape, Caroline Islands 

Resolute Northwest 
Territory 

~~ 

Tangent height altitude, h, km 

Weather 
conditions 

Total water 
“ZIpOr 
g/cm2 

Total ozone 
content, 
cm-atmospheres 

C&U- 1.334 0.435 

Clear 1.363 0.289 

Undercast at 0.001 0.293 
100 mb pressure 

Undercast at 0.001 0.213 
400 mb pressure 

__- 

Date 

1959 

7-11-58 

5-17-58 

12-31-58 

Time of 
day. 
GMT hrs. 

0000 

1200 

1200 

1200 

Figure 26. Atmospheric Models A, B, C and D (Radiance 

versus Altitude, 14.29 to 16.0 Microns) 
[From ref. 5 ] 
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E= o 

F- Q fl G= q 

H= Q 

1 
.O 

Tangent height altitude, h, km 

Designation 

E Arctic 
Summer 

F Arctic 
Winter 

Weather 
Location conditions 

____.__.~. -- 

Isachsen, Northwest Clear 
Territory 

Barter Island, Alaska Clear 

Total water 
vapor, 

gicm2 

0.265 

0.117 

G Tropical 
Summer 

Kindley, Bermuda Clear 5.018 

H Thule, Greenland Clear 0.159 

10 50 60 

Total ozone 
content, 
cm-atmospheres 

0.255 

0.213 

0.255 

0.254 

Figure 27. Atmospheric Models E, F,G and H (Radiance 

versus Altitude, 14.29 to 16.0 Microns) 
[From ref. 5 ] 
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Figure 28. Curve Fit, Function 2 
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+ + 
a= -581.5 a= 507.8 
b= 606 b= 624 
c = -0.4964 c = 2.307 
d=-77,920 d= 68,040 

d=-228,500 

a= 
b= 
C= 
d= 

a= -68.40 
b= -64.2 
c= -61.50 
d=1460 

-63 -20 -5 5 10 15 20 25 30 40 50 60 

Tangent height, h, km 

Figure 29. Coefficient Variation Over Tangent Height 

Regions, Function 2 



TABLE 14.-VARIATION OF COEFFICIENTS, FUNCTION 2 

1 i 

Tangent heights 
fit. km *0 *1 *2 A 

-63, -20, -5, 0 -5.815 x lo2 6.06 x lo2 -4.964 x 10 -1 -7.792 x lo4 

-20, -5, 0, 5 5.078 x lo2 6.24 x lo2 2.307 x loo 6.804 x lo4 

0, 5, 10, 15 1.829 x lo4 -5.82 x lo1 4.236 x lo3 -2.285 x lo5 

10, 15, 20, 25 -2.216 x lo3 -2.285 x lo1 -5.019 x lo2 1.093 x lo4 

20, 25, 30, 40 -2.841 x lo2 -4.77 x 101 -1.010 x lo2 3.243 x lo3 

30, 40, 50, 60 -6.840 x lo1 -6.42 x lo1 -6.150 x lo1 1.460 x lo3 

AOWl + h) 

N = 
h2 + A2h + A3 



Function 3 

f cjhj 
j=O 

Dkhak 

Here the denominator was restricted to include only even powers to avoid the 
occurrence of real poles and then to fit, by linear programming, Warks pro- 
file for various numbers of terms in numerator and denominator. 

For this particular profile, the results shown below were obtained. Tabulated 
are values of the maximum residual, M, between Wark’s profile A and the 
fitted profile for different combinations of r, the degree of the numerator poly- 
nomial, and s, the number of coefficients in the denominator polynomial. 

r - 
1 
4 
5 
6 

2. &W/m’-sr 

1 1.4964 
3 0.1639 
4 0.0217 
5 0.0085 

As expected, the residual decreases rapidly with increasing number of terms. 
This form with r = 5 and s = 4 was ultimately selected as representing the 
best compromise between accuracy of fit and number of terms. Twenty cli- 
matological profiles were fitted with this function, the complete results are 
presented in a subsequentparagraph. The resulting fits for two profiles are 
shown here for illustration in Figures 30 and 31. 

Function 4 

A0 + Alh + A2h2 
N = (l i.;iy.ihi.i72ms- 
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I I Location. 20” N, 90%’ I _.: 

-30 -20 -10 0 10 20 30 40 50 60 70 80 

Tangent height, h, km 

Figure 30. Ratio of Two Polynominals Curve Fit, 

Profile No. 843 



Location: 60”N, 9O’W 

Time: October 

Profile No. 1023 

-30 -20 -10 0 10 20 30 40 50 60 70 80 

Tangent height, h, km 

Figure 31. Ratio of Two Polynominals Curve Fit, 



This function is a modification to increase generality of one previously 
analyzed in reference 4 . The function given there is 

A 
N= 0 

112 (33) 
/ 
‘1 + Ale 

A2h 

! 
which produced good results for an arctic winter profile but poor results 
for other profiles. 

The modified function was fitted to Wark’s eight profiles by the method of 
differential corrections using two different initial estimates. Each estimate 
of starting values of the five coefficients was based in fitting five points on the 
radiance profile. In the first estimate, radiance values at the three lowest 
and two highest available tangent heights from Wark’s tabulation were used; 
in the second estimate, the two lowest and three highest available tangent 
heights were used. Results for two profiles are shown in Figures 32 and 33. 
Maximum residuals and the altitude of maximum residual for all eight pro- 
files for each starting method are shown in Table 15. 

This function was fitted again to Wark’s eight profiles, but only for tangent 
heights greater than minus twenty kilometers, to determine any improve- 
ments resulting from omission of the very low tangent heights in some of 
Wark’s tabulations. A slight improvement occurred in some cases, but 
larger residuals occurred in others. 

Functions 5 and 6 

The similarity between the shape of the Gaussian distribution curve and the 
radiance profile suggests that a modification of the error function might 
result in a good fit. Two such modifications were examined. 

Function 5. -- N = (A0 + Alh) e 
-A2WA3), 

2 

Function 6. -- N = A0 + Alh + A3e 
-A401-A5J2, 

For both functions, the first two derivatives show that neither can meet the 
requirement of high curvature and asymptotic type approach to zero radiance 
simultaneously. 

Function 7 

N=$, A2m-l cos (2m-1) 8 
= 

8 = 
~(h-hrnin) 

2 (hmax-hmin) 
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Figure 32. Curve Fit Results for Function 4, 

Wark’s Atmosphere A 



I I I I I I 
Calc (1): Initial estimate using two lowest and three highest ~e~~;~; 

Calc (2): Initial estimate using three lowest and two highest tangent 
heiihts 

5.01 I I I I I 

10 20 30 40 50 60 70 
Tangent height, h, km 

Figure 33. Curve Fit Results for Function 4, 

Wark’s Atmoshpere F 



TABLE 15.- FUNCTION 4 CURVE FIT MAXIMUM RESIDUALS 

Profile no. 

A 

B 

C 

D 

E 

F 

G 

I3 

. . Q&al i=c 

Tangent height 
altitude, km 

50 

50 

30 

50 

50 

50 

50 

50 

uion l- 

Residual, 
vjm2 -Sr 

.5707 

.6045 

.8017 

.4770 

.5435 

.5892 

.6586 

.6212 

l- . . m 
Tangent height 

altitude. km 

-20 

-20 

-20 

40 

40 

50 

25 

20 

Residual, 
vm2 -sr 

.4493 

.5592 

.6750 

.3220 

.3719 

.3870 

.9112 

.7271 
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A trigonometric series is suggested by the resemblance of the radiance pro- 
file, between zero and peak radiance, to a sine or cosine curve. In the tan- 
gent height range of -30 to -l-80 km, those profiles with limb brightening 
resemble one quarter cycle of a sine wave distorted by a symmetrically 
phased third harmonic. By constructing the proper images of the profile, as 
in Figure 34, a complete period of such a waveform was obtained which was 
subjected to Fourier analysis to determine the harmonic components. For the 
waveform of Figure 34, a series consisting of only odd harmonic cosine ’ 
terms results leading to the form of the series given above. 

Determination of five coefficients, i. e. , through the ninth harmonic, was 
made for two of the climatological profiles. Excellent results were obtained 
as shown in Figures 35 and 36 for altitudes above the altitude of peak radiance, 
although near zero radiance the fit did go slightly negative for one profile. 
Examination of the residuals and further analysis of the function leading to an 
improved fit was done, but results were not available in time to obtain addi- 
tional curve.fits; the results must then be regarded as suggested improve- 
ments. Figures 37 and 38 show plots of the residual, i. e., difference between 
synthesized and fitted radiance vs tangent height for the two profiles of 
Figures 39 and 40. Note that the residuals exhibit a periodic component, the 
11th harmonic, and, thus, would be significantly reduced by the addition of one 
more term to the trigonometric series. A second improvement can be made 
by removing the restriction, applied in the first approach, that radiance is 
zero at 80 kilometers. This restriction was initially applied to allow proper 
imaging of the profile to obtain one complete period for Fourier analysis. 

The Fourier expansion as written always yields N=O at 80 kilometers. There- 
fore, if the value of N at h=80 were subtracted from all the data values of N 
before the Fourier expansion is executed and, afterwards, added to all the 
computed values, the goodness of fit should be markedly improved. 

t 
.’ 

Denote N at h=80 by Nr. Then the corrected Fourier expansion would be / 

N=Nr+ f A2m-l cos (2m-1) 8. (39) 
m=.l 

The coefficients A2m-l would be found from the integral expression 

2 
h max 

- 
m-r (h’hmin) 

Any---h (40) 
max min / 

(N-N,) Cos 2(h -h -) dh 
h max min 

min 

where N= 2m-1. If the inclusion of one more harmonic and the constant term 
. N should prove sufficient for achieving the desired accuracy, the Fourier 

sgries would require only seven undetermined coefficients as compared to 
ten by the rational polynomial for comparable and possibly better representa- 
tion of a profile. 
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Figure 34. Synthesized Waveform From Radiance Profile 
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Figure 35. Trigonometric Series Curve Fit to Profile 1023 
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Figure 36. Trigonometric Series Curve Fit to Profile 843 
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Figure 37. Residual, Ncdlc - NMeas , versus Tangent 

Height, Radianci Profile i43 
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Figure 39. Log N versus h, Mean of 839 Profiles 
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Functions 8-16 

These functions are the ones suggested by reference 1 and shown in Table 11. 
They readily lend themselves to determination of their applicability by plottins 
of transformed variables, shown in Table 11; if the plot of transformed data 
corresponding to a particular function is linear, then that function can be ex- 
pected to be applicable to fitting’the data. While it is obvious that certain of 
the functional forms listed cannot fit a profile over the complete range of 
tangent heights, plots were made for all functions suggested except the straight 
line to d&ermine the applicability of each function to fit parts Of the profile. 

Function 8. - o -- N - A eAlh is examined by displaying the profile on semi- 

log coordinates, as shown inFigure 39. For tangent heights above about 55 km 
and below about 15 km, the plot is nearly linear, suggesting that an exponential 
form may adequately reproduce the profile only in those regions. 

Function 9. -- Transformed data plot for Function 9, N = AohAl is shown 

in Figure 40 which shows about the same linearity as Figure 39 above 55 km 
indicating applicability of Function 9 only in that region. 

A1 Function 10. -- N = A0 + h approaches infinity as tangent height goes to 

zero, but the linearity of the transformed data plot of Figure 41 shows that 
this function may be suitable from 80 to 25 km. 

Function 11. - - N = A +hA .---_ 
1 
h avoids the discontinuity at zero tangent 

height of Function 10, but,Oas shown by Figure 42, the corresponding trans- 
formed data is not linear beyond about 20 km. The linearity below 20 km sug- 
gests that this function and Function 10, each fit to the proper parts of the pro- 
file, might produce an adequate fit. 

Function 12. - -- N - A + A 1 eA2h is the same as Function 8 with the addi- 

tion of a constant term. T?he corresponding transformed data plot, Figure 43, 
exhibits no significant regions of linearity. 

Function 13. -- N = A0 + AlhA is the same as Function 9 with the addi- 

tion of a constant term. Figure 44, the corresponding transformed data plot, 
shows that this function is not applicable. 

Transformed data plots for Functions 8 and 9 of Table 11, which would be next 
in the sequence being followed here,. were not made since they would produce 
the same results as Functions 10 and 11 above. 

Function 14. -- N = A0 + Alh + A2eA3h, is the same as 12 with the addi- 

tion of a linear term. The transformed data, shown in Figure 45, exhibits 
erratic rather than the desired linear behavior. 

Function 15. -N-AAhAAh - o 1 2 3 would not produce a profile shaped 

curve as shown by the nonlinear nature of the transformed variables in 
Figure 46. 
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Function 16. -- Function 16 takes on one of two forms: 

N = A eAlh + A e A3h.. . 16a 0 2 

N=e AOh 
(Al COS A2h + A3 sin A2h) . . . 16b 

The transformed data are nearly linear as shown in Figure 47, indicating that 
this function may be able to adequately fit profiles over the complete range of 
t angent height. 

However, as shown in the example in the discussion of identification of func- 
tions, the first form of this function exhibits only one inflection point, 
whereas profiles with limb brightening have two inflection points. Thus, 
a discrepancy in curve shape would exist with the first form of this function. 
Neither form was considered further. However, since the magnitude of limb 
brightening is small and produces a weak inflection point and since this func- 
tion is potentially applicable over a wide range of tangent heights, it should 
be considered in any future efforts on profile curve fitting. 

Functions 17-23 

Seven functions were identified for study but were not carried through actual 
profile fitting because of time limitations; they are included here for complete- 
ness and as suggestions for any future investigations which might be under- 
taken. 

Functions 17 and 18. -- Examination of a plot of integral of radiance vs. 
tangent height, as shown in Figure 48,shows that the curve resembles a hyper- 
bola. 

Figure 48. Plot of Integral of Radiance Versus Tangent Height 

95 

I. - 



The corresponding equation is 

80 

s 

--- -... -- .,, 
N dh=Ao - h)2 - Al 

h 

(41) 

for radiance being zero at h = 80 km. The equation for radiance is obtained 
by differentiating the equation for integral of radiance which results in 
Function 17. 

A0 (80 - h) 

“;JqGz 

An alternative form is obtained by representing the shape of the integral of 
radiance curve by 

80 

J 
N dh = A0 

h 

Differentiation of the above expression leads to Function 18: 

-(80-h)/A1 
I 

By rearranging terms inFunction 18, it can be rewritten as 

N=Bo+Ble B2h 
(43) 

(42) 

which is the same as Function 12, discussed earlier. 

Functions 19-22. -- The basis for functions 19-22 is the resemblance of 
the profile curve shape to the magnitude and phase of the complex frequency 
response of a second order linear system, as shown in Figures 49 and 50. 
The response magnitude equations lead to two suggested forms, Functions 19 
and 20 below. 

Function 19. -- 
A0 + Al h 
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Figure 50. Typical Phase Angle for Second Order Linear 

System 



Function 20. -- 
A,+ A1 lo@ 

I + A2 (loge hj2 + A3 (loge hj4 

The difference between Functions 19 and 20, using log, h instead of h as the 
independent variable, is to steepen the slope for larger tangent heights and 
reduce the slope at smaller tangent heights. 

The equations for phase angle similarly lead to functions 21 and 22, below. 

Function 21. -- 

N = A0 tan-’ 

Al + A2h 

1 + A3h + A4h2 

Function 22. -- 

N = A0 tan-’ 

Al + A2 log, h 

1 + A3 log, h + A4 (log, h)2 

Function 23. -- The last of the identified functions is a modification of 
Function 2; the intent of the modification is to improve the fit near the bottom 
knee of the profile by replacing the linear numerator with an exponential 
term. Thus, Function 23 is 

A e -Alh 
N= no 

h” + A2h + A3 

RESULTS G-F-FITTING TWENTY PROFILES 

Twenty profiles representing four seasons and latitudes from tropical to polar 
were selected for curve fitting to obtain estimates of curve fit coefficient 
variation with time and space. The profiles were taken from the climatologi- 
cal data and represent mean conditions for one month at the location given. 
The twenty selected are for January, April, July, and October at 90’ West 
longitude (East Central North American continent) and at North latitudes of 
2o”, 30”, 45”, 60”, and 75O. 

Function 3, ratio of two polynomials with 10 coefficients, and Function 7, 
trigonometric series with five coefficients (odd series through 9th harmonic), 
were fitted to these twenty profiles. Complete tabulation of results is con- 
tained in Appendix B for Function 3 and in Appendix C for Function 7. Sam- 
ple results for each function were shown in Figures 30, 31, 35, and 36, and 
those results are shown again in Figures 51 and 52, which illustrate the dif- 
ferences in the fit obtained with the two functions. Table 16 shows the maxi- 
mum residual magnitude for each profile for both functions. For the 
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TABLE 16.- MAXIMUM RESIDUAL MAGNITUDE FOR 
TWENTY PROFILES 

Curve no. Time Latitude 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Jan. 

Apr. 

July 

Oct. 

20”N .15554 

30°N .12300 

45”N .11650 

60ON .18324 

75ON .11586 

20”N .12756 

30”N .09204 

45”N .06868 

6O”N .11822 

75”N .08685 

20°N .08549 

30”N .08008 

45”N .07396 

60”N .08929 

75*N .09396 

20°N .13005 

30°N .12722 

45”N .12023 

60”N .09972 

75”N .11749 

Maximum residual magnitude 

Polynomia 

Residual 

ratio 
Tangent 
?ight, kr 

-10 

10 

28 

-6 

52 

-10 

-10 

-10 

75 

6 

15 

-8 

-10 

7 

-15 

-10 

10 

7 

7 

4 

T 
Trig. series - 

Residual 

.27781 

.27650 

.27508 

.30443 

.24992 

.29632 

.26650 

.22542 

.30792 

.17352 

.33628 

.29299 

.27124 

.27715 

.29945 

.23350 

.22760 

.20860 

.14717 

.13676 

Tangent 
?ight, kn 

26 

28 

28 

29 

28 

31 

30 

30 

33 

33 

30 

38 

48 

48 

48 

13 

12 

32 

8 

8 
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ratio of two polynomials, the residuals are greater than expected, compared 
to the result obtained earlier in fitting Wark’s profile A; the maximum resi- 
dual in that instance was 0.0217. However, the residuals in Table 16 repre- 
sent an error of about only two percent and occur most often at altitudes below 
the altitude of peak radiance, indicating that the fit is very good in the steep 
part of the profile which is most applicable to horizon sensor applications. 

Maximum residuals for the trigonometric series are greater by a factor of 
two to three compared to the ratio of two polynomials and generally occur in 
the steep part of the profile. However, only 5 coefficients are used compared 
to 10 for the polynomial ratio, and considerable improvement is expected, as 
discussed earlier, by the addition of only one more term to the trigonometric 
series. 

The ten coefficients of the polynomial ratio are shown plotted vs latitude for 
each season in Figures 53 through 61. Only C , the constant term, which 
gives radiance at zero tangent height, exhibits %y systematic behavior. The 
other nine coefficients exhibit nonsystematic behavior. The coefficients of 
the trigonometric series, however, behave in a systematic manner with both 
season and latitude. As shown in Figures 62 through 66, the data points de- 
scribe smooth curves in latitude, and the curves for each coefficient follow 
the same pattern with season. The curves vary in sequence (increasing or 
decreasing, depending on the coefficients) of July, April, October, and Jan- 
uary. This is the same sequence that mean radiance profiles exhibited when 
averaged over season, as shown in profile statistics; in summer, radiance is 
highest for all tangent heights, is lower in spring, still lower in fall, and 
least in winter. 

The results displayed in Figures 62 through 66 are very significant. They 
suggest that each of the five coefficients of the trigonometric series can be 
formulated in terms of time and space only. The net result would be that 
calculation of radiance profiles to within a high degree of accuracy is possi- 
ble for any desired time and location without requiring any meteorological 
input data. 

CONCLUSIONS AND RECOMMENDATIONS 

Twenty-three different functional forms were considered in a search to find 
a convenient equation, with only tangent height as the independent variable, 
for calculating radiance profiles. 

For the equations considered, accuracy of fit is a strong function of the num- 
ber of coefficients (and exponents); a minimum of five coefficients was re- 
quired to obtain accuracy approaching an acceptable amount. Accuracy of 
m f 2 percent of peak radiance was achievedbut this required 10 coefficients 
in a ratio of two polynomials. 

The trigonometric series produced an accuracy of M f 5 percent of peak rad- 
iance and the five coefficients used displayed smooth, systematic behavior 
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with both latitude and season. Addition of a sixth term is expected to reduce 
the error by a factor of from three to five. 

The following recommendations are made: 

l The Fourier expansion should be refined as indicated earlier. 
This would provide an alternative to the ratio of two polynomials 
and, thus, throw further light on profile variation with respect 
to latitude, time of year, and other physical factors. 

0 The curve-fitting computer programs should be made more effi- 
cient . With respect to the linear-programming method as applied 
to the ratio of two polynomials, the tangent height can be normal- 
ized by transformation into a non-dimensional variable XI such 
that 0 S XI I; 1 for all profiles of interest. Coefficients of powers 
of x’ would be computed. 

With respect to the method of differential corrections, the re- 
sults of the linear-programming method can be used as initial 
estimates in the former method. This would enhance the chances 
for rapid convergence of the differential corrections method, 
which, in turn, would improve these initial estimates and also 
check the validity of linearizing a function not already linear in 
its coefficients. 
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PHENOMONOLOGICAL CURVE FITTING 

The purpose of this study was to develop the theory and computational tech- 
niques for relating 151~. CO2 band horizon radiance profiles to key atmos- 

pheric variables. Once such relationships are established, they can be used 
to estimate horizon radiance profiles for any atmospheric conditions. The 
only input would be values of several key atmospheric variables. The advan- 
tages of such a technique are: 1) The radiative transfer equation to obtain an 
estimate of the radiance profile for a particular atmospheric profile does not 
have to be integrated, 2) Insight is gained on the physical relationships be- 
tween radiance and atmospheric variables, and 3) The inverse of such a 
technique would allow inferences about atmospheric structure to be made 
from observations of horizon radiance. 

The approach to the problem was to derive an approximate form of the basic 
radiative transfer equation that applies to horizon radiance calculations. 
With the approximate equation and with the standard atmosphere structure 
and radiance profile as a reference, the horizon radiance profile for any 
atmospheric structure can be estimated. 

For tangent heights that do not intersect the Earth’s surface, the horizon 
radiance in the 15~ CO2 band at a tangent height h can be written as 

7 

N(h) = - 
s 

B(T) d7 (44) 

1 

where B is the Planck function integrated over the band, 7 is the transmis- 
sivity of the band, T is temperature, and T(h) is the transmissitivity of the 
entire path that is tangent to the Earth’s atmosphere at height h. If the 
atmosphere is isothermal, (44) becomes 

N(h) = B(T) [l - T(h)] . (45) 

If the atmosphere is not isothermal, (45) is still a good approximation to the 
horizon radiance since: a) 7(h) is relatively insensitive to temperature and, 
b) for any tangent height, most of the emitted energy emanates from a rather 
narrow height interval near the peak of the weightin function for that tangent 
height thus allowing B(T) to be approximated by B T(h’)l, T where h’ repre- 
sents the height of the center of the emitting layer. Thus, for the standard 
atmosphere, 

Ns(h) = BcTs(hl)j cl - Ts(h)l 
(46) 
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where the subscript s refers to standard atmosphere values, and h’ is a 
function of tangent height h. Also, for any atmosphere, 

N(h) = B[T(h 51 cl - T(h)] (47) 

It is assumed here that the weighting functions do not vary significantly with 
changes in atmospheric structure so that h’(h) does not vary from atmos- 
phere to atmosphere. The horizon radiance at tangent height h for any 
atmospheric structure can be obtained from that of the standard atmosphere 
by dividing (47) by (46) to obtain 

B [T(h’)l cl - T(h)] 
N(h) = Ns(h) x X (48) 

B [TJh’)!] cl - Ts(h)l 

Equation (48) forms the basis for estimating the horizon radiance profile for 
any atmospheric structure. For very approximate calculations of horizon 
radiance, (48) can be further simplified by assuming that: a) T(h) does not 
vary from atmosphere to atmosphere - an assumption normally made for a 
uniformly mixed gas like carbon dioxide, and b) the ratio of the Planck func- 
tions for the 15~ band is equal to the ratio of the temperatures raised to the 
fourth power, or 

B [T(h’)l T(h’) 4 
=- 

B [T,(h’)l i 1 Q,(h’) 

With these assumptions, (48) can be reduced to 

N(h) = Ns(h) 

(49) 

(50) 

The effective emitting heights h’(h) can be determined once and for all from 
the centroids of the weighting functions computed for the standard atmosphere 
at various tangent heights. 
effective emitting heights h 

The standard atmosphere temperatures at the 
are known, and the horizon radiance of the 

standard atmosphere Ns(h) can also be computed once and for all. Thus, the 

only input variable necessary to estimate the horizon radiance at a tangent 
height h, for any atmosphere is the temperature at the effective emitting 
height h . The number of input temperatures required to specify a complete 
horizon radiance profiie depends upon the tangent height resolution desired 
and the variation of h with tangent height. For low tangent heights, <20 km 
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for example, h ’ (h) is essentially constant, thus allowing the specification of 
the part of the profile below tangent heights of 20 km with the use of a single 
input temperature. As a test of this technique, the radiance profile for the 

600 cm” to 725 cm -1 spectral interval for the climatological temperature 
profile for April, 45”N, 9O”W (profile no. 913) was estimated from Equation 
(50). At the time of this preliminary test, values for the standard atmos- 
phere radiance were not yet available, and, so, values of radiance and temp- 
erature for the climatological temperature profile for July, 75”N, 9O”W (pro- 
file no. 983) were used as a reference rather than the standard atmosphere 
values. For this test, values of h’(h) were estimated from plots of the 

weighting functions of the 625 cm -1 to 725 cm -1 interval. Figure 67 shows 
a comparison of the estimated horizon radiance profile with the horizon ra- 
diance profile calculated by the Honeywell profile synthesizer program for 
profile no. 913. For more accurate estimates of horizon radiance: 

0 Equation (48) can be used in its entirety if a simple technique 
can be developed for obtaining [ 1 - T(h) I for any atmospheric 
structure profile. 

The ratio B[ T(h’)l 
0 

B[ T&-h] 
can be determined exactly from tables 

of Planck function versus temperature. 

0 h’(h) can be determined very accurately. 

These improvements were incorporated and tested in the basic model. The 
term, h (h), can be accurately computed by defining it as that altitude at 
which the integral of the weighting function 

h’ 

/[ 1 h(h) dz 
dZ 

h 

divides the transmission T(h) into two equal parts, above and below h’, 

after summing the two contributions to dWd - from the same altitude. Table dZ 
17 lists h’(h) computed in this way from the standard atmosphere weighting 

functions for the 615 cm-l to 715 cm -1 interval. To see if h’(h) varied 
significantly with atmospheric structure, h’(h) was also accurately computed 
for the extreme climatological temperature profiles from Jan., 75”N, 9O”W 
(profile no. 883) and July, 75”N, 9O”W (profile no. 983). The variation of h’ 
with tangent height for the standard atmosphere and these two extreme 
climatological profiles is shown in Figure 68. At no tangent height does h’ 
vary by more th,an one kilometer from that of the standard atmosphere. Thus, 
the values of h for the standard atmosphere provide sufficient accuracy for 
use with any atmospheric structure. 
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To estimate [ 1 - T(h) 1 for any atmospheric structure, the following assump- 
tions were made. The transmissivity at any tangent height h is proportional. 
to the amount of carbon dioxide above the geometric altitude h; and, since 
carbon dioxide is uniformly mixed in the atmosphere, the amount of carbon 
dioxide above a geometric altitude h is proportional to the atmospheric 
pressure. Also, the effective pressure correction to the CO2 amount is pro- 

portional to the pressure at geometric altitude h. Thus, the transmissivity, 
T(h), is essentially proportional to the atmospheric pressure at geometric 
altitude h. 

TABLE 17. - h’ AS A FUNCTION OF TANGENT HEIGHT h FOR THE - 
STANDARD ATMOSPHERE 

Tangent height, h, km h’, km 

-30 24. 2 
-15 24. 8 

0 25.4 
10 26.0 
20 27.0 
25 28.5 
30 32.8 
35 37.0 
40 41. 7 
45 46.5 
50 51.4 
55 56.4 
60 61. 3 
65 66. 3 
70 71.3 
75 76.3 
80 81.3 

Knowing the T(h) for the standard atmosphere, it is possible to estimate 
T(h) for any atmosphere by determining the variation of the pressure at a 
given height h from that of the standard atmosphere pressure at the same 
height. 
Cl - 

Basically, this is the approach used to correct for variations in 
T(h) 1 from atmosphere to atmosphere. However, there are two modi- 

fications: (1) Rather than using variations at all heights, it is assumed that 
the departure at about 30 km is representative of all heights, and (2) rather 
than working with departures of pressure at a constant altitude, we formulate 
the technique foruse with departure in altitude of a constant pressure surface. 
This latter modification is due to the fact that meteorological data are reported 
for constant pressure surfaces rather than for constant height surfaces in the 
atmosphere. 
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In Figure 69 are shown plots of [ 1 - T(h) ] versus tangent height for the 
standard atmosphere and for extreme climatological profiles nos. 883 and 
983. When the standard atmosphere curve is translated in the tangent height 
direction, it agrees well with the actual curves for climatological profile nos. 
883 and 983. This indicates that the [ 1 - 
can be estimated by shifting the cl - T(h) 1 

T(h).] curve for any atmosphere 
curve for the standard atmos- 

phere by an appropriate height interval. 

The correlation of [ 1 - T(h) 1 at the 30 km tangent height with the altitude of 
the 10 mb surface is shown in Figure 70. The excellent linear relationship 
between the two is evident in the graph. 

The term, c 1 - 7(h) ], may now be estimated for any atmosphere from that of 
the standard atmosphere. Define 

Ah = Z (10 mb) - 31.10 km (51) 

where Ah is the departure of the 10 mb height from that (31.10 km) of the 
standard atmosphere. 

The absorptivity at tangent height h for any atmosphere can be obtained 
from 

Cl - T(h) ] = cl - ‘rs(h - Ah) ] (52) 

where [l.-Ts(h- Ah) ] is the absorptivity of the standard atmosphere at 

tangent height (h - Ah). Since the absorptivity of the standard atmosphere 
is computed only once, this technique is particularly convenient. 

The basic equation for estimating the radiance profile now becomes 

N(h) = N,(h) 
B’%h?l [l - TS(h - Ah)] 

B&b’)1 [l - TS(h)] 
(53) 

This technique was used to estimate the horizon radiance profile for the ex- 
treme climatological temperature profile no. 983. A comparison of the 
estimated horizon radiance profile with the exactly computed radiance profile 
is shown in Figure 71. To illustrate the possible variability of horizon 
radiance profiles, the computed radiance profiles for the standard atmosphere 
and the extreme climatological temperature profiles (Jan., 75”N, 9O”W) are 
also illustrated in this figure. The agreement between estimated and compu- 
ted profiles for this extreme case is very good, the maximum difference 
being about four percent of peak radiance. 
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CONCLUSIONS 

A simple technique (Equation 53) was derived for estimating the horizon ra- 

diance profile in the 615 cm -’ to 715 cm -1 

atmosphere. 
spectral region for any arbitrary 

As input data, information on temperature above 20 km and the 
departure of the 10 mb height from that of the standard atmosphere are re- 
quired. 

The technique has been tested on extreme temperature profiles. Based on these 
tests, it is estimated that the radiance profile for any atmosphere can be reli- 
ably estimated to f5 percent of peak radiance. 

The tests used, as input data, nine values of temperature between 20 km and 
60 km and the value of the departure of the 10 mb height from that of the 
standard atmosphere. It is believed possible to obtain a good approximation to 
a radiance profile with less input data. In particular, only four values of 
temperature - at 25, 30, 40 and 50 km - plus the 10 mb height departure 
should yield a reasonably accurate estimate of the complete horizon radiance 
profile. 

129 



C ONC LUDING REMARKS 

Three approaches to studying horizon radiance profile variations over the 
complete profile were discussed. In profile statistics studies, the expected 
systematic behavior of the complete profile with season and latitude was 
observed. In addition,’ a significant new result was obtained: the nearly 
linear variation of radiance (at a given tangent height) with temperature at 
the 10 mb altitude. This fact should be pursued to obtain, if possible, a 
simple and fairly accurate method of calculating radiance profiles with only 
the 10 mb temperature as input data. The strong dependence of the profile 
on 10 mb conditions was also observed in the effort on phenomenological 
curve fitting, in which the 10 mb altitude was determined to be one of the 
more significant input parameters for calculating phenomenological coef- 
ficients. 

The two approaches to curve fitting, empirical and phenomenological, each 
resulted in equations capable of achieving accuracies of from two percent to 
six percent in calculating radiance profiles with a possibility of obtaining 
one percent accuracy with some additional effort. In the phenomenological 
approach, four coefficients are required with the independent variables being 
temperature as a function of tangent height and the 10 mb altitude. In the 
empirical curve fitting effort, a ratio of two polynominals with 10 coefficients 
produced an accuracy of two percent of peak radiance. A trigonometric 
series with five coefficients, in which the five coefficients exhibited system- 
atic behavior with time and space, produced an accuracy of five percent of 
peak radiance with the possibility of reaching an accuracy of one percent with 
the addition of only one more term. The systematic behavior of the coef- 
ficients suggests that the coefficients could be formulated with respect to time 
and space leading to an equation for the radiance profile which would be inde- 
pendent of meteorological input data; radiance would then be a function of only 
three variables: tangent height, time, and location. 

Further effort is thus recommended in the curve fitting area. Three 
approaches should be taken: one in empirical curve fitting to obtain a formu- 
lation of six coefficients in the trigonometric series, one in phenomenological 
curve fitting to further pursue the apparent linear dependence of radiance on 
the 10 mb temperature, and a combination of the above two which could lead 
to a more accurate equation for radiance with fewer coefficients than would 
be obtained from either the empirical or phenomenological approach. 
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APPENDIX A 

PROFILE STATISTICS 

This appendix contains plots of mean radiance, radiance standard deviations, 
mean normalized radiance, and normalized radiance standard deviation for 
each of the 100 subsets shown in the text. Each figure contains plots for all 
subsets within a common set, according to the list of Table Al. Various 
subsets are shown on more than one figure because of the desire to obtain a 
cross-index of various effects, e. g., subset 23 is shown in Figure A39 which 
illustrates the seasonal effect at low latitudes and also in Figure A45 which 
illustrates the effects of latitude in one season. 
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TABLE Al. - COMPARISON PLOT SETS 

Set Subsets Remarks 

1, 3, 5, 7, 90 

2, 4, 6, 8, 90 

l-8 

9-12, 90 

5 17-20 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

9-22 

23-26, 39, 40, 90 

27-30, 41, 42, 90 

31-34, 43, 44, 90 

35-38, 90 

23, 27, 31, 35, 90 

24, 28, 32, 36, 90 

25, 29, 33, 37, 90 

26, 30, 34, 38, 90 

39-44, 90 

45-48, 35, 90 

49-52, 36, 90 

53-56, 37, 90 

57-60, 38, 90 

45, 49, 53, 57, 61, 90 

21 46, 50, 54, 58, 62, 90 

22 47, 51, 55, 59, 63, 90 

23 48, 52, 56, 60, 64, 90 

24 61-64 90 

25 65-69, 90 

26 70-73, 90 

27 74-77, 90 

28 78-81, 90 

29 82-85, 90 

30 86-89, 90 

31 90-93 

32 94-99 

Day and population 

Night and population 

Day/night 

Cape Kennedy season and 
population 

Various seasonal and 
population 

Various seasonal 

Synoptic season/O lat 30 

Synoptic season/31 lat 59 

Synoptic season/60 lat 90 

Synoptic overall season 

Synoptic latitude/spring 

Synoptic latitude/summer 

Synoptic latitude/fall 

Synoptic latitude/winter 

Synoptic latitude only 

Synoptic longitude/spring 

Synoptic longitude/summer 

Synoptic longitude/fall 

Synoptic longitude/ winter 

Synoptic season/ 164 
long. 135 

Synoptic season/ 120 
long . 105 

Synoptic season/90 long . 90 

Synoptic season/75 long . 60 

Synoptic longitude, only 

10 mb temperature 

T Trop 

T Strat 

LR 1, 500 mb/Trop 

LR 2, Trop/lO mb 

LR 3, 10 mb/Strat 

Land/sea 
Circulation identifiers 

Al-A4 

A5 -A8 

A9-A12 

A13-A16 

A17-A20 

AZl-A28 

A29-A32 

A33-A36 

A37-A40 

A41-A44 

A45 -A48 

A49-A52 

A53-A56 

A57-A60 

A61-A64 

A81-A84 

A85-A88 

A89-A92 

A93-A96 

A65-A68 

A69-A72 

473-A76 

477-A80 

497-A100 

4101-A104 

9105-A108 

9109-A112 

9113-A116 

1117-A120 

IlZl-A124 

2125-A128 
I129-A132 
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Identification Remrks 

7 PM local, 5/21-5/28/W 

7 PM local, 12/7-12/10, 2/8-2/17 

4 PM local, ii/la-ii/25 

Tangent height, km 

Figure Al. Mean Radiance versus Tangent Height, Set 1 



Tangent height, km 

Figure A2. Radiance Standard Deviation versus Tangent Heights, Set 1 



Tangent height, km 

Figure A3. Mean Normalized Radiance versus Tangent Height, Set 1 
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.05 
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.Ol 

Tangent height, km 

Figure A4. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 1 



Tangent height, km 

Figure A5. Mean Radiance versus Tangent Heights, Set 2 
0’ 
W 



7 PM local, 5/21-5/28/64 

7 PM local, 12/7-12/10, 2/a-2/17 

4 PM local, 11/18-11/25 

Tangent height, km 

Figure A6. Radiance Standard Deviation versus Tangent Heights, Set 2 



Tangent height, km 

Figure A7. Mean Normalized Radiance versus Tangent Height, Set 2 



Subset 
cwve Identification Remaks 

7 AM local, 5/21-5/28 

7AM local,12/7-12/10,2/S2/17 
4AM local, 11/l&11/25 

Tangent height, km 

Figure A8. Normalized Radiance Standard Deviation versus 
Tangent Heights, Set 2 



Subset 
Identification 

Cape Kennedy spring day 

Cape Kennedy spring night 

Cape Kennedy winter day 

Cape Kennedy winter night 

White Sands fall day 

White Sands fall night 

Overall diurnal day 

Overall dinwnal night 

Remaks 

7 PM local, 5/21-5/28/64 

7 AM hi, 5/21-5128164 

7 PM local, 12/7-12/10/64, Z/8-2/17/65 

7 AM local, 12/7-12/10/64. Z/8-2/17/65 

4 PM local, 11/l&11/25/64 
4 AM local, ii/la-n/25/64 

Subsets 1, 3, and 5 averaged 

Subsets 2, 4, and 6 avwaged 

Tangent height, km 

Figure A9. Mean Radiance Versus Tangent Heights, Set 3 

E 



Subset 
curve Identification Remarks 

Cape Kennedy spring day 

Cape Kennedy spring night 

Cape Kennedy winter day 

Cape Kennedy winter night 

White Sands fall day 

White Sands fall night 

Overall diurnal day 

Overall diurnal night 

7 PM local, 5/21-5/28/64 
7 AM local, S/21-5/2%/64 

7 PM local, 12/7-12/10/64, Z/8-2/17/65 
7 AM local, 12/7-12/10/64, Z/8-2/17/65 

4 PM local, 11/l&11/25/64 
4 AM local, 11/18-11/25/64 
Subsets 1, 3, and 5 averaged 

Subsets 2, 4, and 6 averaged 

Tangent height. km 

Figure AlO. Radiance Standard Deviation versus Tangent Heights, Set 3 



Identification Remaks 

.a 
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30 -20 -10 0 10 20 30 40 50 60 70 a0 

Subset 
curve 

Cape Kennedy spring day 

Cape Kennedy spring night 

Cape Kennedy winter day 

Cape Kennedy writer night 

White Sands fall day 

White Sands fall night 

Overall diurnal day 

Overall dirurnal night 

7 PM local, 5/21-s/28/64 

7AM local, 5/21-5/28/64 
7 PM local, 12/7-12/10/&I, Z/8-2/17/65 

7 AM local, 12/7-12/10/&I, Z/8-2/17/65 

4 PM local, 11/l&11/25/64 
4 AM local, 11/18-U/25/64 
Subsets 1, 3, and 5 averaged 

Subsets 2, 4, and 6 averaged 

Tangent height, km 

Figure All. ‘Mean Normalized Radiance versus Tangent Height, Set 3 



Subset 
curve Identification 

Cape Kennedy spring day 

Cape Kennedy spring night 

Cape Kennedy winter day 

Cape Kennedy winter night 

White Sands fall day 

White Sands fall night 

Overall diurnal day 

Overall dirurnal night 

Tangent height, km 

Figure A12. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 3 

7 PM local, 5/21-5/28/64 
7 AM lOCal, 5/x-5/28/64 

7 PM lOCal, 1 Z/7-12/10/64, Z/8- 

7 AM local, 12/7-12/10/64, Z/8- 

4 PM local, 11/M-11/25/64 
4 AM local, 11/18-11/25/64 
Subsets 1, 3, and 5 averaged 

Subsets 2, 4, and 6 averaged 

.2/17/65 

.2/17/65 
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Figure A13. Mean Radiance versus Tangent Height, Set 4 
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Figure A14. Radiance Standard Deviations versus Tangent Height 
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839 profiles 
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Figure A15. Mean Normalized Radiance versus Tangent Height, Set 4 
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Figure A 16. Normalized Radiance Standard Deviation versus Tangent Height 
Set 4 



t6.0 

+5.a 

+4.0 

+3.0 

+2.0 

+1.0 

30 40 

Tangent height, km 

50 60 70 80 90 100 

Figure A17. Mean Radiance versus Tangent Height, Set 5 



Figure A18. Radiance Standard Deviation versus Tangent Height, Set 5 



Tawent height, km 

Figure A19. Mean Normalized Radiance versus Tangent Heights, Set 5 



Tangent height, km 

Figure A20. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 5 



Subset 
cwve Identification Remrks 

Cape Kennedy sping 

Cape Kennedy fall 

Ft. Churchill winter 2/13/65 every 3 days 

Cape Kennedy May Subsets 1 and 2 end of spring 

- 

Tangent height, km 

Figure A21. Mean Radiance versus Tangent Height, Set 6 



Subset 
ewe ldentifiction 

9 Cape Kennedy swing. 

10 Cape Kennedy sumna 

11 Cape Kennedy fall 

12 Caps Kennedy winter I 
13 Ft. Churchill fall 

14 Ft. Churthill winter 

15 Capa Kennedy May 

Ranaks 

Cape Kenmdylyer 
Cross section. 7 AM 

I 

Local time, evuy 

3 days 

6AM local11/1/64-- 
2/13/65 every3 days 

Subsets 1 and 2 end of sping 

Tangent height, km 

Figure A22. Radiance Standard Deviation versus Tangent Height, Set 6 



Identification Rrnuks 

11 Caps Kennedy fall 

12 Cape Kennedy winter 

13 Ft. Churchill fall 

14 Ft. Churchill &ter 

Local time, every I 3 days 

6AM local 11/l/64-- 
2/13/65 evay 3 days 

Tangent height, km 

Figure A23. Mean Normalized Radiance versus Tangent Height, Set 6 



Tangent height. km 

Figure A24. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 6 



Subset 

Tanged height, km 

Figure A25. Mean Radiance versus Tangent Height, Set 7 



Subset 
C”We Identification 

16 

17 
18 

19 

20 
21 

22 

Cape Kennedy February 

Season 1 spring 

Season 1 summer 
Season 1 fall 

Season 1 winter 

Space cross section fall 

Space cross se&on winter 

Remarks 

Subsets 3 and 4 

Subsets 9, 15 

Subset 10 

Subsets 11, 13 
Subsets 12, 14, 16 

10/28/64 White Sands to Antigua 

Z/24/64 White Sands to Anti! 

Tangent height, km 

Figure A26. Radiance Standard Deviation versus Tangent Height, Set 



Subset 
CUrYe identification Remarks 

16 
17 
18 
19 
20 
21 
22 

Cape Kennedy February 

Season 1 spring 

Season 1 summer 

Season 1 fall 

Season 1 winter 

Space cross section fall 

Space cross section winter 

Subsets 3 and 4 

Subsets 9, 15 

Subset 10 

Subsets 11, 13 
Subsets 12, 14, 16 

10/28/64 White Sands to Antigua 

Z/24/64 White Sands to Antigua 

.8 

.6 

30 -20 -10 0 10 20 30 40 50 60 70 80 

Tangent height. km 

Figure A27. Mean Normalized Radiance versus Tangent Height, Set 7 



Tangent height, km 

Figure A28. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 7 
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Subset 
curve Identification Remarks 

23 

24 

25 

26 

39 

40 

Synoptic 0 lat 30 spring W/b4 

Synoptic 0 lat 30 qummer W-3/64,8/12/64 
Synoptic 0 lat 30 fall 10/21/54,11/13/64 
Synoptic 0 lat 30 wlnts 12/9/64, WOfi5,2/10/65 

Synoptic 0 lat 15 All year 

Synoptic 16 lat 30 All year 

Tangent height, km 

Figure A29. Mean Radiance versus Tangent Height, Set 8 



Subset 
curve 

23 
24 
25 
26 
39 
40 
90 

Identification Remarks 

Synoptic 0 lat 30 Mng 4/8m 
synoptlco k30 sumlttr b/3/64, WWb4 
Synoptic 0 lat 30 fall 10/21/64,11/13/64 
synoptic 0 lat 30 winter 12~/64,1/20/65,2/10/65 
Synoptic 0 lat 15 All year 

Synoptic 16 .lat 30 All year 
839 pmfiles 

Tangent height, km 

Figure A30. Radiance Standard Deviation versus Tangent Height, Set 8 



Subset 
curve Identification Remarks 

23 Synoptic 0 Iat 30 spring 4/8/b? 
24 

25 

26 
39 
40 
90 

Synoptic 0 lat 30 summer 6/3/64, 0/12/64 
Synoptic 0 lat 30 fall 10/21/64, U/13/64 

Synoptic 0 lat 30 winter =P/64. l/20/65, Z/10/65 
Synoptic 0 lat 15 All year 

Synoptic lb lat 30 All year 

839 pmflles 

Tangent height, km 

Figure A31. Mean Normalized Radianceversus Tangent Height, Set 8 
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Figure A32. Normalized Radiance Standard Deviation Versus 
Tangent Height, Set 8 



Tangent height, km 

Figure A33. Mean Radiance versus Tangent Height, Set 9 



Subset 
Identification Remarks 

synoptic31 lat59 sprhq 4/aEa4 
Synoptic 31 It 59 SW b/3/64, a/12/64 

Synoptic 31 lat 59 fall 10/21/b4,11/13/64 
Synoptic 31 lat 59 winter I2/9/a4,1/20/65,2/10/b5 

.8 

.6 

.5 

.4 

.3 

.2 

.l 

-30 -20 -10 0 10 20 30 40 50 60 70 00 90 100 

Tangent height, km 

Figure A 34. Radiance Standard Deviation versus Tangent Height, Set 9 



Subset 
curve 

27 

28 

29 

30 

41 

42 

90 

Identification 

Synoptic 31 It 59 rping 

Synop(lc 31 It 59 summer 

Synoptic 31 lat 59 fall 

Synoptic 31 lat 59 winter 

Synoptic 31 lat 45 

Synoptic 46 lat 59 

839 profiles 

Remaks 

4Aw4 

b/3/66 WWb4 

lOj21/64,11/33/64 

12/9/b4, mofi5, w/65 
All yea 

All yea 

Tangent height, km 

Figure A35. Mean Normalized Radiance versus Tangent Height, Set 9 
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90 

Identification Remarks 

Synoptic 31 Iat 59 aping ‘W/b4 

Synoptic 31 lat 59 Summer b/3/64. 8/12/64 
Synoptic 31 lat 5? fall 10/21/b4,11/13/b4 
Synoptic 31 lat 59 winter 12/9/%4,1/20/65,2/1O/b5 
Synoptic 31 lat 45 All year 

Synoptic 46 lat 59 All year 

839 pmffles 

Tangent height, km 

Figure A36. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 9 



6.0 

5.0 

2.a 

Subset 
l.m CE Identification Remaks 

lat 90 spring 

I ” 

31 

32 
33 
34 
43 
44 
90 

Synoptic 60 

Synoptic 60 

Synoptic 60 
Synoptic 60 
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839 profiles 
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b/3/64,8/12/64 
10/21/64,11/13/64 
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All yea 

Tangent height, km 

Figure A37. Mean Radiance versus Tangent Height, Set 10 



Subset 
CWW 

31 

32 
33 
34 
43 
44 
90 

Identification Remaks i 

Synoptic 60 lat 90 spring VW64 
Synoptic 60 lat 90 summer b/3/64, 8/12/64 
Synoptic 60 lat 90 fall 10/21/64,11/13/64 
Synoptic 60 lat 90 winter 12/9/64,1/20/65, 2/10/65 
Synoptic 60 lat 75 All year 

Synoptic 75 lat 90 All year 

839 profiles 

Tangent height, km 

Figure A38. Radiance Standard Deviation versus Tangent Height, Set 10 



Tangent height, km 

Figure A39. Mean Normalized Radiance versus Tangent Height, Set 10 



Tangent height, km 

Figure A40. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 10 



Identifiction Rwks 

Synoptic spring all latitudes 4/8/64 

Synoptic summer all latitudes d/3/64, a/12/64 

Synoptic fall all latitudes 10/21/64,11/13/64 

Synoptic winter all htitudes 12/9/64, l/20/65, 2/10/65 
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Figure A41. Mean Radiance versus Tangent Height, Set 11 



Tangent height, km 

Figure A42. Radiance Standard Deviation versus Tangent Height, Set 11 
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Figure A43. Mean Normalized Radiance versus Tangent Height, Set 11 
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Figure A44. Normalized Radiance Standard Deviation versus Tangent 
Height, Set 11 
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Figure A45. Mean Radiance versus Tangent Height, Set 12 



Subset 
curve Identification Remarks 

-z- Synoptic spring 0 La 30 4/8/64 

27 
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35 

90 

Synoptic spring 31 lat 59 

Synoptic sprlq 60 Iat 90 

Synoptic spring all latitudes 

a39 pmflles 

Tangent height, km 

Figure A48. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 12 



Tangent height, km 

Figure A49. Mean Radiance versus Tangent Height, Set 13 



Tangent height, km 

Figure A50. Radiance Standard Deviation versus Tangent Height, Set 13 
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cvvc ldetiifiction Ravks 

24 sync& s- 6 Iat' b/3/% VW54 
28 Symptlc smna31 lat59 
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36 Synoptic s-all ltltudes 

90 839 fmffles 
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Figure A5 1. Mean Normalized Radiance versus Tangent Height, Set 13 



Tatgent height, km 

Figure A 52. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 13 



Tangent height, km 

Figure A53. Mean Radiance versus Tangent Height, Set 14 
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Figure A54. Radiance Standard Deviation versus Tangent Height, Set 14 
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Figure A55. Mean Normalized Radiance versus Tangent Height, Set 14 
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Figure A56. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 14 



Tangent height, km 

Figure A57. Mean Radiance versus Tangent Height, Set 15 



Tangent height, km 

Figure A 58. Radiance Standard Deviation versus Tangent Height, Set 15 
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Figure A59. Mean Normalized Radiance versus Tangent Height, Set 15 
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Figure A60. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 15 
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Tangent height. km 

Figure A 6 1. Mean Radiance versus Tangent Height, Set 16 
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Identification 

Synoptic 0 lat.15 
Synoptic 36 lat.30 

Synoptic 31 I at A5 

Synoptic 46 lat.59 

Synoptic 60 I at.75 
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Figure A 62. Radiance Standard Deviation versus Tangent Height, Set 16 
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Figure A63. Mean Normalized Radiance versus Tangent Height, Set 16 



Tangent height. km 

Figure A 64. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 16 
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Figure A65. Mean Radiance versus Tangent Height, Set 17 



r: 
0 
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Figure A66. Radiance Standard Deviation versus Tangent Height, Set 17 
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Figure A67. Mean Normalized Radiance versus Tangent Height, Set 17 
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All longitudes, 4/E&4 

long- 165 

long. 120 

Tangent height, km 

Figure A68. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 17 



Tangent height, km 

Figure A69. Mean Radiance versus Tangent Height, Set 18 



Tangent height. km 

Figure A 70. Radiance Standard Deviation versus Tangent Height, Set 18 



Tangent height, km 

Figure A71. Mean Normalized Radiance versus Tangent Height, Set 18 



Tangent height, km 

Figure A72. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 18 



Tangent height, km 

Figure A73. Mean Radiance versus Tangent Height, Set 19 



Tangent height, km 

Figure A 74. Radiance Standard Deviation versus Tangent Height, Set 19 
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Tangent height, km 

Figure A75. Mean Normalized Radiance versus Tangent Height, Set 19 



Tangent height, km 

Figure A76. Normalized Radiance Standard Deviation versus 
Tangent Height, Set 19 



Tangent height, km 

Figure A77. Mean Radiance versus Tangent Height, Set 20 
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Figure A78. Radiance Standard Deviation versus Tangent Height, Set 20 
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Figure A79. Mean Normalized Radiance versus Tangent Height, Set 20 
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APPENDIX B 

POLYNOMIAL FUNCTION FITTED TO 
20 RADIANCE PROFILES 

This appendix contains the radiance profile curve fits for Function 3 for twenty 
climotological temperature profiles. The twenty selected profiles represent 
January, April, July, and October at 90” West longitude and at North latitudes 
of 20”, 30”, 45”, 60” and 75”. Ten coefficients resulted from the use of this 
function, the ratio of two, fifth order polynomials. 

Tables Bl through B20 show the coefficients obtained and a detailed comparison 
to illustrate the differences between the numerically integrated radiance profile 
values and the values obtained from the curve fit. 
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TABLE Bl. - RATIO OF TWO POLYNOMIAL CURVE FIT; 
TO PROFILE NO. 843, JANUhRY, 20°N 
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TABLE B2. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 853, JANUARY, 30”N 
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TABLE B3. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 863, JANUARY, 45”N 

272 



- 

TABLE B4. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 873, JANUARY, 60”N - 

C”EFFlcrt”l OF I4 TO THE 2-m FPJI( z 
C”EFF~CIC*‘, “F B TO ,,G *-,C r?nCq = 

.“““““““0”nt-9n .““““““““““E-8” 

I2;Un”r”bCd”0 
13.~0”~“v”““” 
,4.““““ou”uoJ 
15.“““““‘“J”” 
,*.“o”“J”J3”0 
I, “0”~“~~J”” . 
,“.“o”o”““~“” 

WSCL”,E 
UIFFErlENCE 

273 



TABLE B5. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 883, JANUARY, 75”N 
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TABLE B6. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 893, APRJL, 2O”N 
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TABLE B7. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 903, APRIL, 3O”N .- _- 
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4q.“““““““G”” 
~“.““““c”“““” 
52.“““““““““” 
55.“““““““““” 
5b.“““““““““” 
58.“““““““““” 
6”.“““““““““” 
6s.“““““““““” 
1”.“““““““““” 
,5.“““““““““” 
1”.“““““““““” 

2;81965”“““” 
2.61023”“““” 
*.464”b”*““” 
z.z27,q”“““” 
2.“l7,3”““n” 
l..g73,F”“““” 
l.~3”~9”P”“” 
1.465o~onono 
1.3,*32”R”“” 
I.1 592”“~“*” 
1.“2737”P”n” 

.163”~5”““” 

.5438”8~““” 

.4”“73”“““” 

.293757”“~” 

.2”?0L,F”PI” 
~onbi980ono 
."33"C?r""" 
."13"28?""" 
.""7379P4"" 

~;12h*757~bSE~“7 
.1”9539b615E~“2 
.94‘9?11351E-“1 
.574674317”E~“, 
;79?L6ah873E-“? 
.9951”54”25E-“7 
.llR”~“Z721E~“l 
.133779~s69E-“, 
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TABLE B8. - RATIO OF, TWO POLYNOMIAL CURVE FIT 
TO,PROFILE NO. 913, APRIL, 45“N 

.561,525125oE “1 

.lb3537”7”sE-“1 

.17555791”‘E~“5 
-.3*12”3S3b~E-“L 

.371~‘5”77,E-“7 

.31*12373b”p”F 

CnEFFIClFN,s OF TYF T~FNOM’INATOR 

CALC,,LI,F” 
R~“1~,l”N 

5.540b971b47 
*.621RL~7*24 
5.5.075R962h 
5.53h59-r”14 
5.5TR”RDbA18 
5.553nR915”” 
5.57,451311c3 
5.6”24~?215” 
5.6329”3~748 
5.bh57512592 
5.bP15Rh*b”5 
5.h”174”579~ 
5.71349.352” 
5.72864‘8195 
5.7G29046?“5 

RELATIVE 
“,FFEpE,,CE 
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TABLE B9. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 923, APRIL, 60% 

*.bn72eo*ono 
5.*1m30-0*” 
5.b3obm*o~o 
5,6444~0*0*0 
5.6h0~*0*0*0 
5.hb7n90*0no 
5,67435*““~” 
5.bR~1,“r”“” 
s.b,“49”“““n 
5,bq,23”~“n” 
*.7n3910*0*0 
5.708790nonn 
5,713gton0-n 
5.719*70~0*0 
5.7?552”-“r” 
5.73C17G”G~” 
5.736”3”““~” 
5.74*12”“““” 
*.7494m*O*o 
5.,554”“““*, 
5.7hZ3I”““r;” 
5.768830*0-n 
5.774790~h7 
5.7774nonono 
5.77L33”*““” 
5.7668b”““~” 
5.,54d,3”““~” 
5.7nm7on@fi* 
5.6h975@“@“0 
5.bn9bao*o*o 
5.535920~0*0 
5.4475omn0 
5.371570no-n 
~~2~~~2~~~~” 
5.,h”b4”*““n 
5.076~30~0-0 
4.953220*0*0 
4.~48270*0~0 
~.7”5n7”~“~” 
4.594220nono 
4.49829onono 
~.372~90nono 
4.~~9~~~~~“~” 
3 948360~0~n 
3:*85340nono 
3.4*~59o*onn 
3.2nq500*0nn 
2.985o*ono-n 
2.7~9470non0 
2.597beo*onn 
7.*14neo~o*o 
2.2164,““““” 
l,p82g2o*ono 
1.7~“,““““P” 
,.b”,,,““““” 
l.r45370no*n 
1.31172”“““” 
1.l86~8o*ono 
1.“5?“5”~“n” 

.9*64*1”““” 

.,31,12”“n” 

.5L3705”“nn 

.Ltw986”“*” 

.2,1132”““” 

.21166b”OnO 

.“9”5892”~” 

.*38655~““” 

.“114b1~““” 

.““951”.8”” 

5.,“~1”“?6466 
5.65’17193297 
5;57t15735495 
5.549575321, 
*.6*3ln3~*8* 
*.b3”1”“+387 
5.67.~?172935 
5.71~74L9491 
5.7*92*1331*4 
5.7785654981 
5.79:15*73951 
5.an01595448 
5.9~73?32236 
5.~13?110”12 
5.91e,“73~/,31 
5.rJ1‘4345193 
5.a1*2953744 
*..3”.?*472h”, 
5.,3329R1”5bR 
5.,92917,*1, 
5.7PI~*19L!*3 

.,“7~?a46”7 

.5456775RbP 

.4166127‘39 

.3145?51h59 
;23*11~7289 
.1”““319”95 
.“1,9”51743 
.L35bR3?5?9 
.“““51b”,~, 
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TABLE B 10. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 933, APRIL, 75”N 

COEFFICIENTS OF WE NU*ERA,OR 

LL,ITU”E H 

.3”.“““o”““““” 

.2,,““““““o”o” 
,2”.o”“““““““” 
.15.“““““““““” 
.1”.o”“““““““” 

.8.“““““““““” 
-b.“““““““““” 
.4.“n”0”““““” 
-2.“““““““““” 

.“““““““““” 
,.“““““““““” 
2.“““““““““” 
3.“““““““““” 
*.“““““““““” 
5.“““““““““” 
b.“““““““““O 
1.“““““o”““” 
8.“““““““““” 
9.“““““““““” 

1”.“o”““““““” 
11.~~~~~~~~~~ 
12.~~~~~~~~~~ 
~3.~~~~~~~~~~ 
ls.““““““““o” 
15.“““o”““““” 
l6.“““““““““” 
17.“““““““““” 
1~.“““““““““” 
19.~~~~~~~~~~ 
t”.“““““““““” 
*,.““““““o”“” 
2z.“““o”“““o” 
23.“““““““““” 
25.“““““““““” 
25.“““““““““” 
26.~~~~~~~~~~ 
2l.“““““““““” 
21.“li”““““““” 
29.o”“““““““” 
3”.“““““““““” 
31.“““““““““” 
32.“““““““““” 
33.“““““““““” 
35.“““o”““““o 
35.~~~~~~~~~~ 
3b.“““o”““““” 
37.““““o”“““” 
3L3.“““o”“““oo 
39.“““o”o”““o 
5”.““oo”““““” 
4,.“““o”““““o 
52.o”“o”“““oo 
53.“““o”“o”“” 
44.“““o”““““” 
4,.“““o”““““” 
4b.““ooo”“““” 
47.o”“o”o”“oo 
4~.“““““““““” 
49.““““““““o” 
5”.“““““o”o”o 
52.~~~~~~~~~~ 
5~.“o”“““o”“” 
56.““O”“““““” 
5,.““““o”“““” 
6”.““o”o”oooo 
65.“““o”“oooo 
7”.“““““o”““” 
75.“““o”“o”o” 
~“.“““o”o”o”” 

CCEFFTClE*I, OF ” TO THE O-TN Pmm7 r ,562765559bE “1 
C”E*F,C,E*, “I H TO THE I-TH POWER . .L11”556215E-“1 
CCEFF,C,EY, OF H TO THE 2-T” POWER . -,3717569b,lE-03 
COEFFICIE”, 0s H TO TIlE 3-TH POWER = -,558b1956SPE.O4 
COEVF,C,E*‘, OF n To THE 5-m POwR - ,4661623595E-“b 
COEPFICICN, “F H TO WE 5-M POWER * .,.?““3557”“E-“9 

Ct7EFFICIEWTI OF THE “EN”MlNAT”R 

CCEFF,C,EN, OF H TO THE 2-W POWER * .““““““““0”E-I” 
CCErFlClENT “F M TO THE 5-W FOYER . .117Z112504E-“* 
CCEFFKTWT OF H TO THE 6-w POWER - .62326245‘5E-l” 
COEFFlClEW, OF H TO WE I-T,4 POkER * .IZ”tS76L?ZE-14 

OBSERVED 
RA”,AT,“k 

CALCULATE” 
RADIATION 

5,59’*b~3~77 
5.5509059201 
5.,163,,5”2b 
5.4595181312 
5.4849108381 
5,5”?3975*52 
5.53~?b11”~b 
5.5b52451”“b 
5.596.592~115 
5,627b5559,1 
5.b4*“3b”9,5 
5.b553803601 
5.bbl4037~bI 
5.b71.5,‘9131 
5.6863,*7871 
5,b,L59b”b?, 
5.6963422109 
5,697220,6,9 
5.*9*9l”B985 
5.6.39”45*79~ 
5.679267271, 
5.bb51991+55 
5.6464530051 
5.6226229576 
5.5,3293”b91 
5.55.50353507 
5.51b,13”,,1 
5.6619~3975~ 
5.r(lZ3”5b9l5 
5.3l.895192*3 
5.27l~7”a179 
5.19~~950~~1 
5.1”1b5,1,82 
5.“1”b311123 
4.9”32”~“28b 
,.78b19251,7 
,.b595,b?558 
,.52333”5,b6 
4.31775595z5 
4.223,*19235 
,.“6”“6,32”9 
3.1091782533 
3.111369153* 
3.5276715913 
3.33927105~1 
3.14750~52~~ 
2.9537904683 
2.75961227b” 
2.5b65171401 
2~~~59~~665~ 
2.1~93”7*~* 
2.““1”,311,~ 
1.8332160196 
1.6659434193 
1.5070391125 
1.3571539973 
1,21*74473*9 
1.“16”8”.“39 

.9652555271 

.854105”1~5 

.b605~202”4 

.5OP216’515 

.37555111”” 

.2159b7~370 

.1991531066 

.“80113b”4” 

.“*927.3*8* 

.“12”876815 

.“1”153~3*” 

AB,“L”,E 
DIFFERENCE 

-.1*5219149lE-“1 
-.,,b”2Z,b,8E-“I 
-.1*.91BZSZIE-“l 
~.?S,133~5~3E~“1 
-.5&59,315,.?E-“2 
-.,b3153”Z,,E-“3 

.b~37,7,,I9E-“* 

.531,b61L”bE-“2 

.1Z69592699E-“1 

.11‘Z1~.1*5E-“, 

.,715321Z6ZE-“1 

.1214359BllE.01 
,1”3539621”E.“2 

-.14~1943018E~“* 
-.II6B”BI5”bE.“, 
..1,2539b,,.Er”1 
-.1,~613”2”6E~“, 
,.11~“b~5~93E.“1 

.3653b79.16E~“2 

.l5369b5974E~“, 

.15”9916517E-“1 

.1145675.59,E-0, 

.36.11.“0”5E-“2 
,Z”12L1”3”LE.“2 
.19.1”485,.Er”1 
,Z61614.22.E-0, 
.271511b113E-“1 
,2103”6931”E.“l 
,3997b37527E-“2 

.,1315L51133E~“1 
-.ll7Z111013E.O, 
.,,L16143912E.“, 
-.26ZPIP3LIOE.OI 

,““153”5658E-02 
,165”39.Sb,E-0.5 
.1"89341527E.01 
.33b~“,~,SLErO, 

-.91"*,13,B3E."2 
..1,393*,45*E “0 
-.Z279Pkl555E 00 

.2126153,5,E “0 

M.X,N”N AC.“L”TE O,FfEllENCE . .lb1,6”L7c?E-01 
M.XIMU” RELI,,“E DIFFERENCE . .1126163,,1E 0” 
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TABLE Bll. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 943, JULY, 20% 

COEFF,C,ENTS OF THE NUMERATOR 

COEFF,C,EW OF H TO THE 0-W POWER 8 .552?777167E “1 
COEFF,C,EV OF CI M THE 1-W POYER = .1661?25*85E-01 
COEFFTCIENT OF H TO THE Z-TN PONER a .34”2342”6”E-03 
CCEFFlClENT OF N TO THE 3-IH POWER = -.3i!795”93L”E.“. 
COtFFlCIEN, OF H TO WE 4-W POYER = -.L46579P911E-“b 
CCEFF,C,f”rT OF CI ,O THE 5-,H PCWER - .,53.“b8”L5E-“” 

‘“EFF,C,ENTS OF THE DENOMINATOR 

CCEFFlClEN, OF Y TO THE 2-M POWER . .““““““““““E-8” 
COEEFIC,EN, OF CI TO THE 4-w Po*ER = -.,85723217,t-07 
COWFlClEN, OF h TO THE 6-W PONER = .2”*356”z”1E-“9 
COEEFlClE”, OF CI TO WE 5-W POWER = -.5213,26965E-1. 

,L,,TUDE H 

,3”,o”“o”““““” 
.2,.“““o”““““” 
.2”.“E”“0”“““” 
.15,“““o”““““” 
.l”.o”“oo”“““” 

~8.“““o”““o”” 
.b.““o”““““o” 
.4.o”“o”““““” 
~2.“““““““““” 

.“““o”““o”o 
1.““o”“““““” 
2.~~~~~~~~~~ 
3.“o”o”““““” 
*.““““““o”“” 
5.“““o”““““o 
b.“““o”““““” 
7.“““““““““” 
8.o”““““““oo 
q.“““““““““” 

,“.“o”““““““” 
,,.“““oo”o”“” 
12,““o”“““““” 
13,“““““““““” 
1*.“o”o”“““oo 
15.“oo”““o”“” 
1*.oo”o”““““” 
17.“c”““““““” 
,.,.“o”““““““” 
l9.“““““““““” 
2”.“C”““““““” 
21.~~~~~~~~~~ 
22.00000000”” 
23.“o”o”“o”o” 
2..oli”o”““““” 
Z5.“E”““““““” 
26,““o0”“““O0 
2,,“““o”“““o” 
2~.“c”“o”“““” 
2?.“““““““““” 
3”.“o”““““““” 
31.“ooo”o”““” 
32.“““““““““” 
53.“““““““““” 
3..“““o”“““o” 
3,,““o”“““oo” 
36.“““““““““” 
37.~~~~~~~~~~ 
3tl.“““““““““” 
39.“oooo”o”“” 
r”,“00”““0”“” 
‘1.o”““““““o” 
.2.“““oo”““o” 
43.“““o”“““oo 
.s.““oo”“““o” 
~45.“““““““““” 
Sb.“““O”““O”” 
41.“““““o”““o 
4~.“““““““““” 
.,.“o”““““““” 
5”.““““““““o” 
52.“O”“““““O” 
5r.“““““0”““” 
~6.~~~~~~~~~~ 
58.““““““““o” 
b”.““OO”““““” 
b,.“““““““““” 
7”.“o”o”““““o 
7,,““““o”““o” 
8”.oo”“““““oo 

CILCULATE” 
RIDlATION 

5.37215075”. 
5.5‘6127198b 
5.519376~85, 
5.4546282466 
5,529S,.5b”9B 
5.~352115115 
5..5?3?33738 
5.470.5519117 
,.*?81b3,“sB 
5.529777lbbb 
5.54670’5442 
5.,b‘v1162338 
5.5018192211 
5.5996215333 
5.6113315352 
5.634P7557553 
5.651b951248 
5.66194452.9 
5.b832109‘38 
5.b,746.762b 
5.71O22??“,1 
,.72127*2137 
5.7302635495 
5.7368001625 
,.7.o*318.4* 
,.7~06601667 
5.73b874”1?” 
,.12B4”2”“86 
5.7,*479254* 
5.6942~7711” 
5.b66757.618 
5.b3”972*793 
5.5157829408 
,.53”0251883 
,..6.?5155038 
5.3.5208.2~91 
5.2116352765 
5.171)2”5.883 
5.0530571463 
4.91165‘1489 
4.7539371927 
..58”19”3b.” 
4.3,L1,“b?b” 
4.181Zl23306 
3.913”lc..1*? 
3.7.7117.“31 
3.5151150145 
3.2779452182 
3.039059133‘ 
2.~01469~39. 
2.561973522~ 
2.3~11~81~~~ 
2.1230620358 
1.9156169722 
1.72”1*375?‘ 
1.537506281, 
1.3b82893998 
1.2126435756 
,.“7”‘393?25 

.9r13”58722 
,71?8902?8b 
.542671.293 
..“3”738711 
.29.6.61753 
.2115217349 
.“83*11373* 
.“2b”b.4313 
.““b1”39739 
.““13”34933 

.BSOL”TE 
DIFFERENCE 

..,7?3?2.95bE.O1 
.8321111?162E.“l 
.‘,2116*857lE-“1 

.,3893,7534”E-“1 
,.129113?“2”E~“1 
,.*5.~.5.1152~-“~ 
..1”17662622E-“1 
r.b8158”1(129E-“1 
-,50?865?517E-“1 
..3”19*23355E-“1 
,.1895545582E-“1 
,.7483,6624”E-“2 

..“8?221125E-“2 

.154?155328E-“1 

.2727153523E-“1 

.3785575532E-“1 

.,775,824.5.E.0, 

.56785524?5E-“1 

.6‘.72”?.385E-“1 

.71b7416263E-“I 

.,74197O5lZE.“l 

.127”bZ1371E-“1 

.854”34~951E.“3 

.8*t7”762.BE.“1 

.854%585440E~“1 

..,.l3”11bb7”E~“~ 

.b643~“19”1E~“1 

.3b?bL”“,b1E~“, 
,1”d”?25...E.“l 

..,1542Z190ZE-“1 
,.2155255225E.“, 
,.3271752”68E-0‘ 

RELIT ,“E 
OIFF~REHCE 

~.163”“,.551E-“1 
.152461~546E~“, 
.76~933.7b1E-“2 

,.1”167?(1615E-02 
-.150.09b97LE.01 
-.154779’675E-“1 
..144?961321E.“1 
-.12305”?“31E-“1 
..9180163”83E-“2 
,.543”21111.E-“2 
-.34”5111b”“E-“2 
-,13.31917b5Er”2 

.7331335732E-“3 

.2715207354E-02 

.587857~57?E-“2 

.67*370”+98E-0* 
,“52113”1.LE.02 
.1”*1992*17E-“1 

MnxrM”M ABSOLUTE DIFFEREkE . ,I5.I5I,1.“E-“1 
MIX,M”H RELATIVE DIFFERENCE = .43121~4bl5E 0” 
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TABLE B12. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 953, JULY, 3O”N 

COEFFICIENTS OF THE N”*ERA,OR 

CCEFFICIEV OF H TO THE O-,H POYER . .55II6952IIE 0, 
COEFFICIE*T 0s H TO THE I-TH POYER s .16,8?1513.E~“~ 
COErFlCIE-T OF H TO THE 2-W POCER . .3962011?“11-“3 
C”E=FlC,EN, O= IJ TO THE 3-TH POWER . -.3262058421E-04 
COEsFlCTEW 0s H TO THE 4-T” POWER . -.231?6,1175E-“b 
COEFFlCrEV OF I4 TO THE I-TH POWER . .527125bllbE-“1 

CnEFFlCIEN,S OF T”E DEN”Y,NA,“R 

COEFFTClEV OF H TO THE 7-W POWER . 
COEFFlClE”, OF H TO THE .-TH POWER . 

.““““““““““E-5” 

.“““““0”“““E-I” 
COEFFIC~EHT DC H TO THE b-1H P”YER m 
COEFFIC’EV OF W TO WE 8-W P”ltER . 

.14”l741141E.“P 

.7755b10”?5E-L. 

LLTlTuOE H 

.3”.“““““““““” 

.25.“““““““““” 
~2”.“““““““““” 
~15.~~~~~~~~~~ 
.1”.“““““““““” 

-“.“““““““““” 
~6.“““““““““” 
-‘.“““““““““” 
.2.“““““““““” 

.“““““““““” 
,.“““““““““” 
*.“““““““““” 
3 .“““““““““” 
‘.“““““““““” 
5.“““““““““” 
b.“““““““““O 
l.“o”o”““““” 
1.o”“““““““” 
?.““““““““o” 

1”.“““““““““” 
11.“““““““““” 
l1.“o”““““““” 
13.~~~~~~~~~~ 
1‘.o”“““““““” 
l5.“““““““““” 
lh.“““““““““” 
17.“““““““““” 
1*.“““““““““” 
l9.“““““““““” 
2”.“C”““““““” 
21.“““““““““” 
22.“““““““““” 
23.“““““““““” 
2*.“““““““““” 
25.“c”““““““” 
2b.“““““““““” 
*7.“““““““““o 
*1.o”“““““““” 
*9,“““““““““” 
3”.“““““““““” 
3L.“““““““““” 
32.““““Q”“““” 
33.o”“““““““” 
3‘.“““““““““” 
35.~~~~~~~~~~ 
3b.“O”“““““O” 
37.““““““o”“” 
38.~~~~~~~~~~ 
3?.o”“o”“o”“” 
‘“.“““““““““” 
.l.“““““““““” 
42.“““““o”““” 
43.“““““““““” 
~s.o”“o”““““” 
.,,“““““““““” 
4b.“““O”“O”“” 
.7.o”o”“““““” 
rn.“““““““““0 
.9.“““““““““” 
5”.“““o”“o”“” 
52.~~~~~~~~~~ 
54.oo”“““o”“” 
5b.“““““““““” 
51.“““o”“o”“” 
b”.O”“O”O”““” 
b5.O”““O”“““” 
l”.“““o”““““” 
75.~~~~~~~~~~ 
1o.“““o”“o”“o 

OBSERVE” 
LA”IA,l”N 

5.5~~~5~~~~~ 
5.52~~~~“~~~ 
5.535610*0*0 
5.552290*on0 
5.571.b”“““” 
5.5799b”“““” 
5.519”~““““” 
5.59163”P”“” 
5.b”193”F”n” 
5.b1921”““n” 
5.b2‘?9”“““” 
5.631030~000 
5.b372‘““““” 
5.6437*0*0*0 
5.b5”‘2”“““” 

CLLCULATE” 
RADIATION 

,..3,C2b1611 
5.59.517.““?l 
5.5780b983.1 
5.520051ZO7b 
5.5953~5.b”” 
5.4998~05119 
5.51241.55819 
5.5322930413 
5.558157Z911 
5.51.56952855 
5.605241‘905 
5.b2Z3951‘“” 
5.6399312717 
5.657~41211” 
5.bl53267472 
5.b921*51”1l 
5.7”9bb?1,43 
5.725152356.5 
5.7‘1”5”2lll 
5.15*9205222 
5.7672,,1355 
5.~775~~~~~~ 
5.715b371113 
5.79”911*2b. 
5.~9~~3~9~3~ 
5.1916075.bL 
5.7158071523 
,.175”????2L 
5.751771977” 
5.756”6~,16.52 
5.7”b1,73,39 
,.bbLI”l9b?21 
5.b2”a”8119B 
5.565‘~1”?.7 
5.4950169b26 
5.4144127125 
,.32”l2”“3b3 
5.Z,3”9.4,9b 
5.“?“8511235 
..95352,6b25 
..80”93b*.,3t 
t,.b332.338”” 
4.,5”996337. 
4.25516117‘5 
4.0471b27008 
3.1287??9456 
3.6022651202 
3.37”“379CPb 
3.135716273” 
2.IP9258b313 
Z.bb11b13552 
2..3~“,556”5 
2.2112”9l7*. 
2.005621773~ 
1.80.176.171 
1.6161690201 
1.44030~1722 
1.27771377.~ 
1.1.?15101345 

.?925221825 

.15...,1”?L 

.57”521”?1. 

.4225”23313 

.3”1.5”111~9 

.2202721378 

.“1b5573132 

.“2lb?3O,“2 

.““6953125. 

.““4..755,5 

ABSOLUTE 
DIFFERENCE 

WXTNUN AnSOLUTE DIFFERENCE . .1”“79..1,.E-Ol 
llLx,n”~ REL,,I”E DlFFElENtE . ,15464267b3E 0” 
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TABLE B13. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 963, JULY, 45=‘N 

RELATIVE 
D,FFEr,ENCE 

.2825696361E-02 
.12”5R50?50E-0, 
.2b165?3830E-02 

-.,9245?95?4C-02 
-.1249”6”2??E-01 
-.12~,326651E-0, 
-.,0”02812,5E-01 
-.843226”40?E-02 
-.5,99?9*15?E-O2 
-.ISL53552?BE-02 

;;,?80?6?14E-03 
.22249*0325E-02 
.~,033,59*,E-02 
.5892W6?R8E-02 
.?5640339511E-02 
.9053,56983E-02 
.,0524?93,0E-0, 
.,13142”624E-01 
.,,985.54,391-01 
.,225430902E-0, 
.,.?,46,2906E-0, 
.1,56921236E-01 
.,0382,,99,E-0, 
.18103331016-02 
.6511??521LE-02 
.435?,3**,3E-02 
.,,63,?62,3E-02 

-.3114649845E-02 
-.Ut29?3,488E-02 
-.“9~5200508E-02 
-.,,583,63?2E-0, 
~.,20~“116?~E-o, 
-.,,13939Z,lE-0, 
-.1154354?50E-0, 
-.9801504914E-02 
~.586305ZOL,E.02 
-.3,22069?65E-02 
-.Zl16,083LOE-0‘ 

.6946990??5E-02 

.78254.55652E-02 

.,03,09~835E-0, 

.,33249”8,0E-0, 

.“82?316884E-02 

.?3361309bbE-02 

.405941?506E-02 
~.**62651?42E-03 
-.3I5OL906,3E-02 
-.6969662392E-02 
,.1*625535”~E-01 
-.10959616518-01 
-.13Bl2?ZZCIE-01 
-.I541,~0555E-01 
-.,2195?2942E-0, 
-.,4?954050,E-01 
,.,5053956,4E-0, 
,.3?5595’3(11E-02 

.,003,611"3E-01 

.,8961?026,E-01 

.335215962‘E-01 

.16?0091611E-02 
..659450?766E-02 
-.,,59582599E-02 
,.150845?189E-01 
-.28650b6855E-0, 
-.18192?506?E-01 

.,,0?5464,3E-0, 

.9398530080E-0, 

.,905916494E 00 

.3002285956E 00 

nlx.,~lle II5OLU?E DIFPERENiE * .?595?20511E-01 
M”X,MIW .WLI?,vE DIFFEQENCE . .3002Z(1593bE 0” 
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TABLE B14. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 973, JULY, 60% 

COEFFICIENTS OF TUE WHERATOR 

LL?,?UCE H 

-30.00b0000000 
-75.0~00000000 
20.0ri0000000G 
.15.0000000000 
-10.0000000000 

-“.0”000”0000 
.6.0000000000 
d,.o6oooooooo 
~2.0”00000”00 

.0n000n0000 
1.0000000000 
2.ofioooooooo 
3.ocooocoooc 
4.0000000000 
5.0000000000 
6.0000000000 
,.0”0000000” 
R.0”00000000 
9.0”0000000” 

10.0000000000 
11.0000000000 
1z.000c000000 
13.0000000000 
1l,.oooooooooo 
15.0000000000 
,*.00000(10000 
1,.oocooooooc 
1~.0000000”00 
19.0000000000 
zc.oPooocoo”o 
z,.orioooooooo 
2z.olioooooooo 
23.0~00000000 
?L.OiOC000000 
25.orioaoooooo 
2b.0ri00000000 
27.0F00000000 
7a.oroooooooo 
.?9.onoooooooo 
~0.0000000000 
31.01100000000 
32.oooooooooc 
33.0000000000 
3&.0c00000000 
35.00000”0000 
36.0000000000 
31.00000~10000 
38.0000000000 
39.0000000000 
~0.00000”0000 
‘1.0000000000 
~2.0000000000 
*,.ooooocoooo 
*4.0000000000 
*5.0000000000 
~6.0000000000 
‘7.0000000000 
*8.0000000000 
‘9.0000000000 
50.0000000000 
52.0000000000 
‘~.oooooococo 
=.6.0000000000 
51.0000000000 
*0.0000000000 
*5.1c00000000 
70.0”00000000 
75.0000000000 
““.0”00000000 

0= 

,“: 

OF 
OF 

CWFFlCI’HT5 OF THE DEHDHIN~TDR 

CCEFFIC~E*~? OF H TO THE 2-m POYII . .000000000nE-I0 
COt=FTC!E’lr OF H TO THE S-TN LONER m .0000000000E-80 
CCE=F,CTE”T OC w TO THE b-T,4 MOYER . .~?054”111~E~,O 
CCFCFIC,E”, OF H TO WE .5-T,, B”YET( . .,355369304E-13 

b.L‘b6017?9, 
6.419~064768 
6.350”9”9056 
6.323n157901 
b*35b9,bbbl. 
*.3”C~5*0?L~ 
6.41?314*15* 
6.453?2??526 
6.491‘,0.508? 
6.578L203282 
b.54bQ3706.59 
6.5b2742b792 
h.5r8901.5259 
6.59Z‘839BO? 
b.b”5(1625931 
b.b159,51220 
b.**~~,L112? 
6.6309~15797 
*.61~966ZR*, 
b.6160542597 
*.6,4,60*L?5 
6.b197254v.5 
b.h2Ob?13k2* 
b.bn829b79b9 
b.5917721637 
h.5707358725 
b.5**78655?4 
b.5134813111 
*.*,*,30352* 
b.G32?939599 
6.3122809559 
6.3?41*90020 
6.257707656. 
b.la27ZL9311 
6.00693B22k3 
b.001n705O20 
5.R931525735 
5.176952Ob55 
5.h42=.093?G? 
5.4971R0296L 
5.~~81862429 
5.1652554821 
4.9787977099 
4.?78PZ7lbb? 
L.56651bb218 
4.3*z,,,1*2* 
4.L09062.5L21 
3.Rb74510315 
3.620”9b1915 
3.3h96593L977 
3.,1115*80*5 
2.Ph8944703~ 
2.*7*127033* 
2.3’64290412 
.?.15?9,45.21 
1.9sc*i2?201 
,.7~59?11690 
1.5*39+055.5a 
1.3664729523 
1.2n35550092 

.920**1*231 

.I.917534509 

.5’0,ZR908? 

.3709b90107 

.2655965145 

.,03R4,1?6P 

.03*14,7024 

.0089550c!52 

.n038q,?9** 

ARSOLUTE 
DlFCElENCE 

RELATIVE 
O,FFEPENCE 

.,30861951)OE-0, 

.6613,14b?,E-02 
-.b901?051)2LE-02 
-.1391,59535E-0, 
-.1lFb23C?‘bE-01 
-.00107?L,09E-02 
-.541?49S,5bE-0, 
-.1599,2”?bOE-07 

.2?O?d2502OE-02 

.~5?2”8,3b,E-0, 

.8509bb1275E-02 
.91)?333”368E-02 
.1,2156”2,?E-0, 
.1279559183E-0, 
.,3093024’0E-0, 
.13~5900394E-0, 
.,3bb3b2918E-0, 
.,33bb2,?93E-0, 
.,766V~~065E-O, 
.,1‘2‘03860E-0, 
.96561,1.53bE-02 
.7363192.??OE-07 
.45”6”4.80,E-02 
.,2F8959b%E-07 

-.25‘8547?19E-02 
-.567234”509E-07 
-.“373,W419E-02 
-.112~073559E-01 
-.1253926502E-0, 
-.,ZLZ25Z,P~E-0, 
-.,369065?92E-0, 
-.l.?4565”878E-0, 
-.100553122,E-0, 
-.a9P2&5362ZE-02 
-.529213,52?E-02 
-.98222’r939?E-04 

.221?,1927”E-07 

.759235061”E-02 

.1~“19?3.523E-0, 

.,~b~42b?,?E~O, 

.l‘9333”?63E-0, 

.,SPL45053OE-0, 

.,Ob053%5‘E-0, 
.~6P~b?Z?1bE-0~ 
.6860”32969E-0, 
.,39w.20?3,E-0, 

-.43511,9665E-02 
-.,,lb533594E-0, 
-.,?515b2265E-0, 
-.,‘s221bbb1,E-O, 
-,,4LPS3,C5.5E-O, 
-.,~3?&4,(1,?E-0, 
-.90?90”?279E-02 
-.99~?12?‘9bE-02 
-.,33865096,E-02 

.3,08312?O?E-02 

.,618037250E-0, 
.24215212’4E-0, 
.?11260313?E-02 
.157301~559E-02 

-.,C99b2%6?F-0, 
-.,814042924E-01 
-.>ZL99*1?13E-01 
-.38??“1b56?E-0, 
-.?1~B959bb?E-02 

.?3o5”?2.522E-0, 

.1591,391‘1E 0” 

.155961986bE 00 

.2IPlIZ?l”~E 0” 
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TABLE B15. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 983, JULY, 75% 

-3”.cococooc~~ 
.25.0000000"0" 

;ooiiooonco 
1.00000000”0 
1.0000000000 
3.0000000”0” 
..0000000”00 
5.00000000”” 
~.c000000”00 
?.00000100r)0 
5.0000000@00 

.Lq11Ll1C23cc.ol 
*36955,6563C-01 

-.~Z,P?b256?~.O, 
-.939564046,C-01 
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TABLE B16. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 993, OCTOBER, 20°N 

ABSOLUTE 
c,rFc”cNCr 

.11*?93I032r 0” 

.3948059506r~01 
..6,09~b,021r.0, 
..1*9b~*?.J4r 00 
..1,001?196.~ 0” 
..114450546or 00 
..91?9~4"250.."1 
..b,5b9959b51-,,, 
-.,lEl291459C.O, 

.S24O9?0565~.OZ 

.1925?.39102F.01 

.3~~01112~*r.01 

.5101~614,b~.“, 

.b?910,149,r-O, 
**2c.l3?.54,r~c, 
.91?5?b0bbl~~Ol 
.10582160,5r “0 
.lI4963JPI5C nn 
.12119??659r oc 
.1266b15?60~ 00 
.12910111,1c 00 
.12994,5,,1r co 
.lZ?lt409?Or on 
.1209PIO546r nc 
.115t=Ll522r no 
.lOb3lJ.1?4C 00 
.?69016?957r,01 
.3.?1?~4*1?11.c1 
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TABLE B17. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 1003, OCTOBER, 3O”N 

J5.0000000000 
36.0000000000 
??.0000000010 
11.0000000P~@ 
39.0000000000 
~0.000@0oOono 
~.,.000D000""D 
~?.000z3000"P0 
~3.0000000000 
4..0000000"00 
~5.0000000@C0 
"4.ooooooo@~n 
41.00000000cm 
41.0000000"0@ 
r9.0000000000 
~O.OOO"OOObOO 
52.00000000~0 
54.0000000000 
"C.OOOOOO""CO 
'n.oOOOOOO@~O 
60.00000D0000 
65.0000000000 
11.0000000~00 
15.0000000nn0 
10.0000000cJ00 

5.39751?"269 
5.32L9~9"",0 
5.2354"6=316 
5.19~6~5~390 
5.2?17?,46?6 
5.2496~65690 
5.2t.9397523 
5.3746111601 
5.,Fl"~,?ZZ, 
5.4106164642 
5.431.3"4",69 
5.4~Z4'l'bPS 
5.4?'21O?,?2 
5.49n64Z560" 
5.5P.L'4lORJ 
5.f?'R4644r2 
,.n3,?=O~6"3 
5.5446"lC746 
5.5S4I'R4031 
5.5‘417015~5 
5.5,"3,4L114 
5.5?,494!643 
5.,CqZ'l9,P4 
5.56'2416171 
5.,532-343,3 
5.53".5103lD6 
5.5145744994 
5.494945n4,. 
5.4645~2*2.6 
5.4,79061"43 
5.5C4,=,.4*b 
5.3?T3.50196 
5.2142192135 
5.2"63,,96"2 
5.179LS1~510 
5.94.JU",'b59 
4.9443495016 
".4?~6?0~?36 
4.?l~b"570,0 
4.564O'I?654 
4.44".5",~2,5 
".2#A1*09503 
4.1?"5"14590 
3.94451553E" 
5.?~43?,6025 
3.5661Pbn991 
3.?bL.L1~46, 
3.1**94z9240 
2.95"61?"503 
2.14644111C5 
2.5J94437.522 
2.33564362CP 
2.1?66"31?68 
1.9447361175 
1.,6"?67r?65 
1.Y?61I0~81? 
1.4716644590 
1.264b"615?2 
1.12~616749" 

.9Y44?8~202 

.7655"1"300 

.57r""26206 

."?"66?~365 
.31!6"1~16? 
.*?13?97"OP 
.Or32L56959 
.~7*?7b'",, 
.OC~ODZ',OP 
.011~l"O3,7 

A@SOLUTE 
",FFEPE"Cr 

.117312.5269~ 00 

.351990"295P-01 
..,,"11,b?39r.o, 
..lZ?Cbb"bl~~ 00 
-.1151165124r 00 
-.9452145099r-01 
-.6?5292"711=-01 
-.362,Z63995r-01 
-.2612?,1119~-02 

.314P5"6425C-01 

.",45""36I8P-0I 

.bZ,l?JbO5l~-PI 

.?6920??122F-01 

..59?b256~56F-01 

.1"111410"Jr OF 
,1,0,769402r 'ID 
.1,636066"3, 00 
.lt3?"1b?"8* "0 
.126?,64031~ "0 
.12,2?"1595' 00 
.1255946114~ 0" 
.12125416"2r "0 
.1,31219324r 00 
.10466?61711 00 
.903*343.533r-0, 
.756003L0?6..0, 
.451544994,r-01 
.9*6504?353r-~* 

-..?623?67336r-0, 
-.5"591555?0r-9, 
-.60ObZ15"4,V-01 
-.10373491021 no 

;~2~n?.4~,1nr-01 
.?612,5!,1,'-11 
.zo~l1"Pl,~r.o* 
.1"19?5~rJ26~.01 
.?3"24376h4'-n2 

-.10~0"z'42,1-~, 
..l?19?11?36~-Il 
-.P919627"5,L-01 
-."066,97.¶.**-11 
-.,?*?..59,,2r-ll 
-,"o45*"?27?r-o1 

.141,1"c9.56r-02 

.61.6"612"*c.01 

.,3"642!992r.O1 

.l9h?n~36plc-ol 

.36'5?0~@,4E.O1 
-.15Ib6"44LIF-01 
-.??"5*???59L 00 
-.38~Poz9o?,1 00 

.LO, 3347lFbF 50 
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TABLE B18. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 1013, OCTOBER, 45”N 

C”EFF,C!EP,S CF TM NWERlTOR 
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TABLE B19. - RATIO OF TWO POLYNOMIAL CURVE FIT 
TO PROFILE NO. 1023, OCTOBER, 6O”N 

COt=FrCIE”, a= H 1” THE 2-w POWER . .ODOOOOOOOOE-60 
COEEF,C,E:‘, OE H TO THE 4.1,. LWEII = .2969b6?5?3E.06 
COE=FICTE”, Or U TS WC 6-W P”uEP i -.‘3~8330,?7E-1C 
C”E”FTC~E,~I P H Tn WE 6-h mrEa = .2,036?04?~E-13 

.,0.m00000000 

.7,.,“00000000 
,2”,““00000000 
.,,.0000000000 
.ll.000”000000 

.,.nn0000000J 

.~.“noooooooo 

.,.0n00000000 

.,.OnOOOOOOQO 
.~“00000000 

,.11”00000000 
2.0P00000000 
,.@000000000 
‘.rm0000000” 
5.0n00000000 
~.mOOOODOOO 
,,O”00000000 
a,““00000000 
,.““00000000 

10,000000000” 
,,~000000P000 
,,.lC00000O0C 
,,~00”0000000 
1‘.“000000000 
,5.“00”000000 
1~.“0000”0(i00 
1,.“000000000 
,l,.“ooooooooo 
,q.“cooooooco 
Zo.~~“0000”“c 
21.0”000”0000 
Z,,.m0000000LY 
73,0”00000”00 
7*.11000*u00* 
15.0n00000u0c 
,b,O”O”000000 
2,.1c000000’)0 
~P~woooooooi 
7,.““000tJ0000 
3”.““00000000 
31 WOODOO”OC 
3,‘0~0”0000”0 
,~-“n0000000C 
34’0000000000 
?,~0P000”000C 
3~:““ocouoooJ 
3,.0c00000000 
,~.ooooOooboo 
3,.0l0”0000~0 
‘“~l”000”0005 
c,.ooooo”oooc 
42.000000000” 
‘,~“~00000000 
4‘.““000”00~5 
~5.00000‘0000 
,*.m00000000 
47.fl~00000000 
sa.“oOOOoOOoL 
‘,,0000000G00 
50.“000000000 
5,.00000”000t 
,‘~““oooooooc 
5o.n”00000G00 
5R.“000000000 
,w*““00000000 
$5.o~ooo”oOcc 
10.0n000(10000 
75.onoooooooc 
a”.“noOOOOOOC 

5.01‘551~0”0 
5.“0~450”0”‘) 
5.0,2910”0”0 
5.01.!010”0”0 
5.023920”0”0 
5.026**““““3 
5.029Z90”0”l 
5.032*90”0.-0 
5.0355”O”O”O 
5.“35950”0”1 
5,040?50~0”0 
5.“‘G?bbC”O~O 
5 ““b,O”W3 
5’0*66’0”0*0 
5:0‘(1?50”0”0 
5,050900n0”0 
5,0530,0*““0 
5.0,531r*u*n 
5.05?5~0”‘“0 
5.0b0,30LO”d 
5.062590”0*0 
5.“b,B5CnO”0 
5.0bCb?O”““J 
5.0b1400n”“0 
,.0521bF”“~O 
5.0390wP”~” 
5.012270fwn0 
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APPENDIX C 

TRIGONOMETRIC FUNCTION FITTED TO 
20 RADIANCE PROFILES 

This appendix contains the radiance profile curve fits for Function 7 for twenty 
climotological temperature profiles. The twenty selected profiles represent 
January, April, July, and October at 90” West longitude and at North latitudes 
of 20”, 30”, 45”, 60” and 75”. Five coefficients resulted from the use of this 
function, a trigonometric series using. only the odd coefficients through the 
ninth harmonic. 

Tables Cl through C20 show the coefficients obtained and a detailed comparison 
to illustrate the differences between the numerically integrated radiance-profile 
values and the values obtained from the curve fit. 
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TABLE Cl. TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 843 (JANUARY, 20” N) 

N A(NI 1. 5.511657065 
3. .I2584612 
5. -1.0401331a 
7. .38894751 
9. .14230350 

THF CcFFFICIENlS LHE 

HF1FHT 
-37.0 
-25.0 
-2n.o 
-15.0 
-1P.O 

-8.0 
-4.Q 
A.0 
-2.0 

.O 
1.0 
7.0 
1.0 
4 . 0 
5.0 
4.0 
7.0 
P.0 
9.C 

1n.o 
11.0 
l?.O 
11.0 
14.0 
15.C 
1ci.C 
17.0 
IF.0 
19.0 
I0.C 
71 .o 
22.0 
7-4.c 
24.0 
25.0 
76.0 
77.c 
2n.o 
79.0 
3n.0 
31.0 
l?.O 
11.0 
34.0 
95.c 
1h.C 
37.C 

10.0 
lQ.0 
40.0 
41.0 
47.a 
43.0 
44.0 
45.0 
44.0 
47.0 
4P.0 
49.0 
5n.o 
52.0 
54.0 
56.0 
5R.0 
hfl.0 
65.0 
70.0 
75.0 
In.0 

TWTA 
.no~onnoo 
.n71399.53 
.14279~67 
.214lr)950 
.28559933 
-51415927 
.34?71920 
. 37127913 
.39083907 
.42P39000 
.44’67r(96 
.4569V93 
.47129R90 
.40’151RSb 
;4997w03 
.51407.qgo 
.52835,?76 
.542631173 
.55691870 
.57119066 
.‘10547R43 
.59075860 
.h14O’)R56 
.62R31853 
.6425Q850 
..+5687a46 
.h71151)43 
.ha54q.a40 
,A9071 R34 
. ,1999x333 
.72R271130 
,742ii%OZb 
.7568’023 
.7711ln20 
.70539816 
.79967R13 
.91395tJlO 
.n2923SOb 
.M4751R03 
.05679800 
.P7107?96 

aa 
In9963790 
.91’391784 
.o2819783 
,911247780 
.9567q77b 

.9710>773 

.98537770 

.99959766 
1 .“1387763 
!.“ZR15760 
!.n424375b 
1 .Q5671753 
!.P709S750 
3 .“0’2774b 
!.n9955743 
1.11903740 
1.12’11734 
1.74239133 
9,17a95726 
1.19951719 
1.22RO7713 
r,25Ab370b 
q.28519699 
1.35459h83 
1.42799hbb 
!.4993%49 
q.57n70433 

U ICALCI NIHFAS) 
5.20355440 5.097490QO 
5.17406478 5.10983OQO 
5.lOA41149 5.1239OOQO 
5.03919547 5.13994000 
5.Q1139572 5.151134000 
5.02317039 5.14b5QOQO 
5.c14407876 1.17508000 
5.08195440 5.1.94270PO 
5.129b4354 5.19410000 
5.1e49Re05 5.2Q4530FO 
5,21U34494 4,21QO4060 
5.25QSR249 5.21564060 
5.29408256 5.22151000 
5.31739455 
5;35019133 

S.22757000 
5.23376060 

5.3Rl87592 5.24014000 
5.411 lP846 5.24hbbO~O 
5.43924473 5.25325000 
5.46363192 5.259790no 
5.48421871 5.26421000 
5.5W3b2?7 5.27131nOO 
5.51141651 5.21513000 
5.51674000 S.27687000 
5.51580356 5.27492000 
5.50799759 5.27412000 
5.49203850 5.27371000 
5.44987697 5;28R7ROOO 
5.43971978 5.30781000 
5.39901848 
5;35h72bS 

5.32504000 
5;33470000 

5.29113194 5.34363000 
5.22460046 5.349n4000 
5.15093742 5.337gloFo 
5.Q4.517927 5.29955000 
4.97243742 5.226601100 
4..56990030 5.147710RO 
4.75n029OO 5.02935000 
4.63955413 4.91375000 
4.5124R226 4.75514000 
4.37so7140 
4;23684771 

4,401310nO 
4.400990Q0 

4.08938741 4.20119000 
3.93431549 
3;77r\29909 

4.03170000 
3,S3R050~0 

l.hlb03909 3.44nb.4000 
3.45’-‘24522 3.4642i!Ono 
3.24172803 3.27215000 

3.11119190 3.085430no 
2.93942793 2.91436000 
2.76720686 2.74n22ono 
2.59529225 2.58476000 
2.42441380 2.40R04000 
2.25534113 2.20770000 
Z,ORR77784 2.0234ROQO 
1.92535b12 1,.5.)‘163000 
1.74571175 
1;41649973 

1.435140QO 
1.45742OFO 

1.44621047 1.29542000 
1.11534653 1.13420000 
l.l-fh4199(1 1~0021an00 

.91774354 .726277OO 

.be670672 .50974000 

.48515942 ;itll5bZCO 

.319b9331 .277054n'o 

. I7238542 ,I9357100 
-.05544608 .O r621470 
-.I2904142 .020413&O 
-.09282406 .01079290 
-.nonooooo .00574106 

VIRFSI 
.lObOb4bO 
.Obb23478 

,.0154b.951 
,.10074453 
,.14495428 
s.14332961 
,.12900164 
-.10231560 
-.064*5644 
,,01754195 

.0083049b 

.n3520249 

.06257254 

.Oe.981455 

.11643133 

.14171592 

.16512366 

.18401473 

.20384192 
,21100871 
.229?5227 
.23b2.5651 
.239.99000 
.24018356 
.23187759 
.21912818 
.1.51;;9697 
.1309097n 
.07399RbR 
.01567268 

,.05049804 
m.11643954 
-.1.9117238 
-.23337O73 
e.25416238 
e.27780942 
,.27052100 
s.27419307 
-.24265?74 
-.223?3832 

17014229 
::11180259 
,.n9538431 
e.05975091 
~.03242091 
-.0159547.5 

.00957803 

.n257619n 

.02304793 

.01898686 

.01103225 

.016393llO 

.64?04113 

.0652978c 

.08672b12 

.I3059175 
l 153li7973 
. lb479047 
.17916653 
.17423991 
.19148654 
.177n3872 
.lo359762 
.035.53731 

s.0211R55.5 
m.13166078 
s.15745502 
-.10361.596 
-.005741l3b 
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TABLE C2. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 853, JANUARY, 30”N 

THF CTEFFICIENTS AHE N AINI 
I. 5.50506026 
3. .21044424 
5. -1.02863647 
7. .32722566 
9. .lbR24084 

HFIGHT 
-1r.0 
-75.0 
-20.0 
-15.0 
-10.0 

-9.0 
-A.0 
A.0 
-7.C 

.C 
I.0 
2.0 
3.0 
h . c 
5.0 
6.0 
7.0 
S.C 
9.0 

Ill.0 
II;0 
17.0 
11.0 
14;0 
15.0 
14.0 
17.0 
1c.o 
19.0 
7n.a 
21.0 
77.0 
73.@ 
24.0 
75.0 
?h;O 
77.C 
70.0 
79.0 
30.0 
31.@ 
17.0 
33.0 
34.0 
35.0 
36.0 
77;0 
74.0 
39.0 
4P.C 
41.0 
47.0 
41.0 
44.0 
45.0 
46.0 
47.0 
4L.O 
49.0 
50.0 
57.0 
54.0 
56.0 
5R.O 
60.0 
45.0 
7n.c 
75.0 
Rll.0 

TUFTA 
.~O~On000 
.P7139YS3 
.!4279967 
.21419950 
,78559s33 
.31415927 
,3427!920 
.37127ql3 
.~9083907 
.42a3oqOO 
.44267896 
.45695093 .471Z3H90 
.48551RRb 
.49970883 
.51407R80 
.52935076 
.54267R73 
.55691870 
.571 IoRb 
.50547R63 
.5997s8bo 
.h1403S56 
.hZR31853 
.h4250~~50 
.h5b07846 
.h7115843 
.h8543840 
.C9S7183b 
.71391833 
.72s27,930 
.?4755026 
.75683823 
.7711lq20 
.78539!alb 
.79967813 
.a1395810 
.~2023f,Ob 
.R4251803 
.a567r)flOO 
.p7107796 
.PtlY35793 
.aw6-790 
,a1391?e6 

QZa19783 
:947477?30 
.95h75776 
;97103,73 
.si3531770 
.99950766 

I.‘-11307743 
j.n2R157b0 
I.04243756 
!.@5071753 
1.07090750 
l.n852774b 
1."9955743 
1.11383740 
i;lZRil736 
1.14739733 
‘.17095726 
1;19951719 
1.72~07713 
1.25hb37Ob 
?.70519b99 
1.35459683 
7.42799666 
!.49039649 

N(CALC) 
5.10733453 
5.15477109 
5.08737240 
5.n1929855 
4.99602043 
5.00497450 
5.n3092603 
5.06751117 
5.11532834 
5.17194789 
5.20253463 
5.2319R390 
5.26574446 
5.29722450 
5.32773042 
5.35FR1415 
5.353b0099 
5.40747772 
5.42776103 
5.44377404 
5.45485488 
5.4hO3b495 
5.45969730 
5.4572P434 
5.43760531 
5.41519304 
5.38464022 
5.94560478 
5.29781461 
5.24107176 
5.17525329 
5.1On31724 
5.n1429963 
4.9Zq31b4R 
4.8215b244 
4.71130893 
4.59790136 
4.46.675545 
4.33335241 
4.19’123574 
4.04700147 
3.89529557 
3.73080526 
3.578252n~? 
3.41434435 
3.24794940 
3.n797Rbl7 
2.910blb73 
2.74123941 
2.57242108 
2.40491016 
2.73942998 
2.076672bZ 
1.9172932a 
1.76190527 
1,41!075b7 
1.465321fiO 
1.32510728 
I.19084178 
1.04287746 

. e2497393 

.6,1004695 

.43993409 

.7fl952589 

. I b704805 
-.02750114 
m.09143741 
-.114747783 
-.00?r00000 

N IMFASI 
5.082150nO 
5.09797000 
5.10544000 
5,119670~0 
5.13595000 
5:14317000 ~._ 
5.15nn5ono 
5.1590ROOO 
5.16788000 
5.177300@0 
5.18229000 
5.187400@0 
5.19271000 
5.19PZbOPO 
5.20395000 
5.20aBr(OnO 
5;21~93000 
5.22213000 
5.22Q35000 
5.23477000 
5.24039OCO 
5,24565OPO 
5.25027OnO 
5.25304000 
5.25586000 
5.25148000 
5.25b97000 
5.256l30000 
5.25419000 
5.23RO5OPO 
5.2122ROOO 
5.17476000 
5.13n34000 
5.08319000 
5.01h210~0 
4.95277O"O 
4.84173OPO 
4.74926000 
4.59451000 
4.44127nco 
4.23~500@0 
4.02116000 
3.R44200"O 
3.442620(30 
3.44h7OOP0 
3.259490nO 
3.Obnb7000 
2.86953000 
2.69552000 
2.514RZOPO 
2.34769000 
2.17194000 
1.98nZbOnO 
1.80927000 
1.64480000 
1.475910no 
1.32934000 
1.19”07ono 
1.059570no 

.94365400 

.69422100 

.49275000 
,36963200 
.271049@0 
.i9ni37no 
.075959bO 
.03113210 
.013123nO 
.00714014 

NIRFS) 
.10018453 
.06180109 

-.01806760 
e.10037145 
-. 13992957 
m.13619550 
-.I1992397 
,.09154883 
-;05255166 
m.00535211 

.02024443 

.0445a39n 

.0730344b 

.09896450 

.12384842 

.14603415 

.lbi67099 

.18534772 

.I9941103 

.20~05406 
;21i4648i 
.21471495 
.20942730 
.I 9954434 
.18174531 
.I6171304 
.127h7022 
.flBRE047R 
.043h2461 
.00302136 

w.03702671 
-;07444276 
-.12204037 
-. 15987352 
m.19464756 
m.24146107 
-.256821)64 
-.27450455 

26115719 
I:24799424 
-.I 9049853 
,.125Rb443 
-.10539474 
1.06436792 
m.03231565 
,.01152052 

.01911617 

.r)4108673 

.04571941 

.05560108 

.05722014 

.0b748998 

.096412b2 

. 10802328 

. 11710527 

. 135lb567 

. 13598160 
1310372~ 

:13127178 
.1192234b 
. 13075293 
. 12631695 
.070?0289 
.01847b89 

-.023ne095 
-.I0646074 
-. 12256951 
-.ORO~0143 
-.00714014 
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TABLE C3. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 863, JANUARY, 45% 

THE CCFFFICIENTS ARE N PINI 
1. 5.30550668 
3. .3957.5447 
5. -1.00250013 
7. .20045471 
9. .22350985 

HFIGHT 
-30.0 
-25.0 
-70.0 
-15.0 
-10.0 

,R.O 
-6.0 
-4.0 
-2.0 

.O 
1 .o 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
P.0 
9.0 

Ill.0 
I I.0 
17.0 
13.0 
14;o 
15.0 
lb.0 
17.0 
lR.0 
19.0 
20.0 
71 .o 
77.0 
23.0 
74.0 
25.0 
26;o 
27.c 
2P.O 
29.0 
3n.0 
31.0 
77.0 
33.0 
34.0 
35.0 
36.0 
37.0 
3R.O 
39.0 
40.0 
41.0 
42.0 
43.0 
44.0 
45.0 
46.0 
47.E 
48.0 
49.0 
50.0 
57.0 
54.0 
50.0 
5R.0 
fin.0 
65.0 
70.0 
75.0 
PO.0 

THFTA NfCALC) 
.n0n00000 5.12283558 
.n11309a3 5.09436398 
.l‘.??Oy67 5.02524998 
.71414950 4.95681748 
.28559933 4.93574180 
.31415927 4.94500207 
.34271920 4.97310588 
.37127913 5.oln2805i 
.79003907 5.05762864 
-4ZR3QQ00 
;4426’896 

5.11216419 
5.14092122 

.45695aq3 5.1699la79 

.47123nqO 5.19a535co 

.Gaq51Ra6 5.22611353 

.499?QUP3 5.25196596 

.514078aO 5.27538651 

.‘2R35R76 5,79565a?? 

.54263a73 5.31206333 

.-5691 a70 5.32389246 

.5711oRbb 5.33n45473 

.58547863 
;599?Kabo 

5.33109716 
5.32616387 

.hl‘o?t356 5.31210504 

.hZR31fl53 5.29139515 

.*4250850 5.26254069 

.r5687846 5.22517695 

.h7115R43 5.17497406 
s58543a40 
~69~71a36 

5.12369199 
5,n5017450 

,?1399833 4.91535202 
.72a27~30 4.90724339 
-74256826 4.80995642 
.?5ba3a23 4.70QbR728 
.77111820 4.59971874 
.?8539816 4.4Pn41729 
.79967ul3 4.35422920 
.a1395810 4.72067546 
.n2923aOb 4.0@034592 
.a4751a03 3.93389240 
.a5~7oaOO 3.78202156 
,~7107796 3.6254F591 
.aa535793 3.4c507597 
,R9ob37qO 3.30161077 
.Q13917Pb 3.13592858 
.92Qlc)7@3 2.9rea7753 
.04247780 2.8013Ob12 
.95b7K77b 2.63405396 
.Q?lO1773 2.46794278 
.985317?0 
;999597bb 

2,30?7b779 
2.142ZR967 

1.“1387763 1.90422702 
1.~2415760 1.83024972 
I.04747756 l.b0”9729o 
!.05671753 1.53695194 
I."7099750 1.39867832 
I.00527746 1.20657641 
1."9955743 1.14100129 
1.11381740 
1;12~11?36 

1.02223758 
.91049918 

1.14239733 .eo593004 
I.17095726 .61953640 
1.19951719 .45909339 
1.22807713 .32?90856 
!,25663706 .22371703 
!..7851Qb99 .141ab567 
l.a5659ha3 .02025694 
1 .42799&66 
I;49039649 

-.@1996000 
-.r)la05273 

7.57n7Qb33 -.oonooooo 

NINEAS) 
5.03111000 
5.03R000~0 
5.04747000 
5.05733000 
5.0brb70nO 
5.07364000 
5.07Q01000 
5.oa470000 
5.09”86000 
5.09747ono 
5.100950cI0 
5.104blOPO 
5.10R3RO~O 
5.11731000 
5.116400@0 
5.12OblOOo 
5.124970@0 
5.129450CO 
5.13400000 
5.13Rq40CIO 
5.14392000 
5.14793000 
5.152onono 
5.152130~0 
5.14653n~o 
5.1342@Ot'O 
5.11hq4000 
5.08479oPo 
5.03991000 
4.99416000 
4.92492000 
4.84526000 
4.77657000 
4.691140@0 
4.6207oOOo 
4.55647000 
4.45wrrono 
4.35543000 
4.205830nO 
4.046300n0 
3.83459000 
3.bOR75000 
3.41843000 
3.19197000 
2.976blOno 
2.78353000 
2.59’1bOOn’o 
2.40560000 
2.23186000 
2.04205OPO 
1.96672OPo 
l.ba95bonO 
1.49489000 
3.34n53000 
i.21213ono 
1.12n21000 
1.041610@0 

.96031500 

.86243300 

.773320nO 

.58781500 

.427ia700 

.32207aOO 

.23Pbla@O 

.1726?400 

.oa118090 

.03r)76790 

.02272bOo 

.014R35PO 

NIRES) 
.091?255a 
.05556398 

,.02222002 
,.10051252 
-. 13292820 
v.12563793 
m.10590412 
-.07441949 
D.03323136 

.01469419 

.03997122 

.0653087q 

.09015560 

. 11380353 

.I3556596 

.154?7651 

.1?060827 

.I8261333 

.109R9246 
,19151’73 
.18?i6716 

17723387 
:16010504 
.13925515 
.llbolob9 
.ORbq7695 
.062o3406 
.o3a90199 
.02026450 

-.008fl0?9a 
,.02267661 
-.03530358 
,;067Ra272 
-.09242126 
-.1402@271 
m.20224080 
w.23930454 
m.27508408 
m.27193752 
-.26427844 
-.zo910409 
e.14367403 

11681923 
I:05604142 
e.00773247 

.Ol???bl? 

.o4345396 

.0623427U 
,07190779 
.10023967 
.11750702 
.14Oba9?2 
.18608290 
.19642194 
.186’4832 
. 14636641 
.09937129 
.06192258 
.04ao66la 
.03261004 
.03072140 
.032?063q 
.006a3056 

-.01490097 
-.030a0833 
1.06092396 
e.05972870 
-.04077963 
~.01483580 
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TABLE C4. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 873, JANUARY, 6O”N 

THE CCFFFlCltNTS ARE N AIN) 
1. 4.92492431 
3. -49360599 

HFIIWT 
-311.0 
-75.0 _~ 
-20.0 
-15.0 
-in.0 

-R.O 
,6;0 
-4.0 
-2.0 

.O 
1;o 
7.0 
1.0 
4:0 
5;o 
6.0 
1.0 
P.0 
9.0 

1n.0 
1 I.0 
12;o 
13.0 
14.0 
15.0 
lb;0 
17.0 
187.0 
19.0 
2n.o 
21.0 
22.0 
21;o 
24.0 
25.0 
26.0 
77;o 
7P.O 
29.0 
3n.o 
31.0 
37.0 
33.0 
34.0 
35.0 
3h.O 
37.0 
3R.0 
39.0 
40.0 
41.0 
42.0 
43.0 
44.0 
45;o 
41r.o 
47.0 
48.0 
49;0 
5n.o 
52.0 
54;o 
56.0 
54.0 
60.0 
65.0 
70.0 
75.0 
an.0 

THFTA 
.~On00000 
.n7130903 
.I4279967 
.21419950 
.78559933 
.33415Q27 
-34271920 
.37127913 
.3wa3907 
.42a3sqoo 
.44267896 
.4569’093 
.47123~90 
.oa551aab 
.4997oaa3 
.*l”o?f3~0 
.%ZS35Rlb 
.54261873 
.55691870 
.57119”66 
.58547ah3 
.5Q975860 
.hlAo3a56 
.A2831853 
,64251R50 
.hSha7a46 
.67115843 
.A854l,g40 
.69971836 
.7179qa33 
.72427830 
.7425-a26 
.75ha3a23 
.77111a20 
.78’39816 
.79967a13 
.~1~95810 
.aZRZlriOb 
.a4751803 
.a567qRoo 
.n7107796 
.~a535793 
.a9963790 
.913917fl6 
.92819783 
.q4247780 
.95675776 
;q7103773 
.98531770 
-99959766 

l;ni387763 
I.“ZRl~760 
!,04243756 
l.n5671753 
1.“7099750 
r.00527746 
1.09955743 
!.I1383740 
1.12811736 
I.?4739731 
I.17095726 
1.19951719 
1.22n07713 
1.25663706 
i.za’lo.699 
1.35659683 
!.42799666 
I.49039649 
1.57n70633 

GICALC) 
4.834198942 
4.R1565957 
4;;5209893 
4.69013602 
4.67272384 
4.68~,71430 
4.70916017 
4.74205169 
4.78432077 
4.@3183110 
4.95632541 
4.nRO55Rol 
4.90391267 
4.92574216 
4.94537670 
4.96213290 
4.97532319 
4.98426529 
4.9aQ29196 
4.qqb76054 
4.97906234 
4.96463168 
4.94295443 
4.913575R9 
4.n76loa00 
4.~3023559 
4.77572170 
4.71241226 
4.64023849 
4;i592197; 
4.469464@7 
4.37116769 
4.76461311 
4.15016928 
4.02~2A171 
3.aQ947358 
3;76433674 
3.62352549 
3.47774805 
3.32776222 
3.17435840 
3.nlR35a21 
2.*6nbOOPO 
2.70193378 
2.54320333 
2.30524454 
7.22987m4 
2.07487002 
1.92398565 
1.77691922 
l.b3431802 
1.49676Qa9 
1.36479704 
1.23Ra557a 
1;11932519 
1.00651291 

.Qon65004 

.80ia9190 

.71031908 

.62593945 

.471)44706 

.35416157 

.26294764 

.18991970 

.13601840 
iti 
.03320863 
.01718639 ;oonooooo 

IIIMFAS) 
4.76604000 
4.77OblOnO 
4.77578000 
4.78167000 
4.78843000 
4.7Y143000 
4.79461000 
4.79796000 
4.80154000 
4.,,0542000 
4.n074nono 
4;i09610(10 
4.S!lla2000 
4.81414000 
4;i1650000 
4.qlRQ2000 
4.821410@0 
4.82370oDO 
4.42h32000 
4.a29011000 
4.a314ho00 
4.a3219000 
4.52994000 
4.425340@0 
4.81127000 
4.78594000 
4.75556000 
4.70530ono 
4.63677000 
4;559550(10 
4.44781000 
4.334Qlono 
4.221173000 
4.1678@0”0 
4.13207nOO 
4.oa4a4000 
4.Ol~73000 
3.91443000 
3.782iRooo 
3.62429060 
3;401010n0 
3.16788ono 
2.91116000 
2.73577000 
2.51667000 
2.32912000 
2.14POlOOO 
1.976bRnno 
1.91655000 
1.63744OnO 
1.47885000 
1.32623000 
1.17444000 
3.055a9000 

.95923400 

.R9310700 

.83030300 
,77692100 
.70418900 
,63709ano 
.49462600 
.3bqO50@0 
;28i24800 
.217627@0 
.16700800 
.09423610 
.05739960 
.03759870 
.02473820 

N(RESI 
.n7594942 
.045ri4957 

-.02368107 
-.09153398 
,.11570616 
,.10671570 
-.08644903 
m.05590231 
e.01725923 

.02641~ln 
-04R!A4541 _ -._ 
.070948Oi 
-09209267 
.111602lf, 
;12fl87670 

1432129n 
3153Q1319 
.16056529 
.16197196 
.!576ao54 
-14760234 
;132441ba 
.11301443 
.flaR235.99 
.064R3ROO 
;044;9559 
.0201617n 
.no703226 
.00346R49 

,.00033023 
.02165407 
.0362576o 
i035a837i 

m.01763072 
-. 10378829 
m.18536642 
1.24639326 
,.29090~51 
-.30443115 
ma29652778 
-;228651bi 
-.I4952179 
-.11055920 
m-03393622 

;026;3333 
.05612454 
.aaos61!34 
.09819002 
.10743565 
_ 13947922 
;15i46802 

170’3989 
:19035784 
.la29657A 

16009119 
:11340591 
.n64347o4 
.02497090 
.00613000 

-.01114055 
-.Olbl?RQ4 
-;010essi3 
,.0~030036 
e.02763730 
-;030989bO 
-.03289856 
w.02419097 
w.02041231 
-.02473820 
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TABLE C 5. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 883, JANUARY, 75% 

,HE CCFFFICIENTS ARE N AIN) 
1. 4.35446977 
3. .49182649 
5. -.R0533553 
7. .05361327 
9. f .21764257 

HFICHT 
-3n.c 
-25.0 

5;o 
6.0 
7.c 
Pi0 
9.0 

in.0 
11;o 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
lP.0 
19.0 
7n.o 
21 .o 
22.0 
23;c 
24.0 
75.0 
26.0 
27.0 
2p.n 
29.0 
30.0 
31.0 
;7;0 
33.0 
34.0 
35.0 
3h.C 
37.0 
3R.O 
39.0 
40.0 
41 .o 
42.0 
43.0 
44.0 
45.0 
46.0 
L7.C 
4PiO 
49.0 
50.0 
52.0 
54.0 
5hiO 
58.0 
60.0 
65.0 
7n.o 
75.0 
en.0 

THFTA 
.nonon000 
.0713oqa3 
.I4779967 
.71419q50 
.20559933 
.31415q27 
-34271920 
.37127y13 
.39q83qn7 
.42e3nqoo 
.44267aQb 
.45695893 
.~7123aqO 
.48551fla6 
.499?91103 
.51407gao 
.52R35a76 
.54269n73 
.55691a70 
.57119Rb6 
.5854?Rb3 
.~¶??~a60 
.61403R56 
.62R31a53 
.A4259850 
.65687046 
.h7115a43 
.bR543#+0 
.699?1836 
.?139oa33 
.72S27a30 
.74255826 
.?5603a23 
.77111a20 
.?a539816 
.?996?a13 
.a1~95aio 
p2923an6 
.r4251~03 
.n5b79flOO 
.R?lo??Qb 
. a0535793 
.aQQb3?QO 
.Ql~Ql?ab 
.02R197a3 
.047477ao 
.9567577b 
.0710~773 
.qa531770 
;99959766 

I .ni3877b3 
l.“2Rl5760 
1.“4247?56 
1.05671753 
1.n7099750 
!.0852?746 
!.“9055743 
!.11303740 
1.12R11736 
1.‘4239733 
I.!?095726 
!;I9951719 
1.72a0’713 
1.25*63706 
1;28~106YQ 
1.35659603 
~.~2?99666 
!.4993Qb49 
1.5707qt.33 

4.31221656 
NICALCI 

4.2Q’)bR990 
4.73919919 
4.190494oa 
4.1enlB547 
4.19193174 
4.21303524 
4.24244785 
4.27PlR456 
4.31737498 
4.33?152Fjb 
4.35637630 
4.37449695 
4.39n941a9 
4.40512124 
4.41643623 
4.42428748 
4.42900356 
4.42724954 
4.42123542 
4.40952439 
4.39164074 
4.36715722 
4.335701qb 
4.29496451 
4.25070125 
4.19673979 
4.13498255 
4.06540917 
3~9as07aos 
3.9(1112646 
3.41n770a5 
3.71130307 
3.60508953 
3.49256631 
3.37423462 
3.25065502 
3.12244101 
2.91)025174 
7.8547R429 
2.71676533 
2.57694251 
2.43607555 
2.29492 732 
2.15425482 
2.Ol400048 
1.97729359 
1.74239275 
1.61077593 
1.4a303801 
1.35q73061 
1.24134818 
1.12P32352 
1.021024oa 

.ql974942 

.?2472955 

.73412441 

.b5402429 

.57845117 

.50936116 

.39ni4533 

.2940495@ 

.22117641 

.166254R4 

.12ba5797 

.n74495e9 

.n5173510 

.0293973a 

.oonooooo 

4.256870”O 
4.259a1ono 

NIMEA') 

4.26317000 
4.26707000 
4;~71490c0 
4.27347000 
4.275590@0 
4;277&0”0 
4.2an20000 
4.28774nnO 
4.2a40aOPO 
4.28547000 
4.2aha7000 
4.284340~0 
4.28981000 
4.29131000 
4.29284ofio 
4.2942hono 
4.295bQOnO 
4.29704OPO 
4.29766000 
4.29592000 
4.29n52ono 
4.28296orO 
4.26526000 
4.23994000 
4.20232000 
4.159720@0 
4.0gni50no 
3.9a9910nO 
3.87764OPO 
3.79283000 
3.4993nooo 
3.64CRROnO 
3,611420~0 
3.54420000 
3.47497ono 
3.37236OnO 
3.2377ROOO 
3.07922000 
2.ab24qnCO 
2.6394bOCO 
2.46155000 
2.25429000 
7.0676@OPo 

-. 
1.35n73000 
1.23707O”O 
1;12.5@0@0 
i.02n550no 

.93ObOlOo 

.851217@0 

.78’974no 

.725817f’O 

.66974400 

.4092@7f’o 

.55717800 
,42F497@0 
.31589aOO 
.24307700 
.18?549~0 
.14381500 
.oa2aq210 
;0515q150 
.0345n3so 
.02?19940 

NIRES) 
.05514656 
.030B799R 

-.02397nai 
,.n7653597 
-.09130453 
-.Oa1’3R26 
,.06255476 
,.03539215 
e.00201544 

.03463498 

.05307286 

.o709063o 

.00762495 

.10258189 
-11531124 
;12512623 
.1314474a 
-13382356 
;13155954 
.12417542 
.lllRb439 
.09572074 
.07663722 
.05?74196 
.03170451 
.01072125 

,.0055802i 
m.02473745 
m.02474083 
-.OOlR3195 

.02540646 

.01794085 

.01200307 
-.04179047 
-.118115369 
-.16Qq653a 
-.224314qa 

2499lfl99 
1124752926 
m.22443571 
m.14572467 
m.06251749 
m.02547445 

.03Rb4732 

.08bA54a? 

.10777040 

. 12PPP359 
13915225 

:13235583 
.i323oeoi 
.I2266061 
.11284ala 
.I0777352 
.090423oa 
.Ob853242 
.04075555 
.01030741 

-.@1571971 
-.030755a3 
m.04281684 
m.03635167 
-.021n4a42 
-.r)2190059 
-.02129416 
1.016Q5?03 
-.00840b21 

.00014360 
m.00510642 
,.0221994n 
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TABLE C6. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 893, APRIL, 20°N 

THE CWFFICIENTi ARE N A(N) 
1. 5.06633725 
3. .I3068101 
5. -1.10266558 
7. .415576.91 
9. .I 5576534 

HFIGHT 
-3n.0 
-25.0 
-20.0 
-15.0 
-10.0 

,a.0 
-6.0 
-4.0 
-2.0 

.O 
1 .o 
2.0 
3.0 
4.0 
5.0 
6.0 
7.1: 
8.0 
q.C 

II;0 
17.n 
17.0 
14.0 
15.0 
!h.O 
17.0 
1P.O 
19.0 
7n.o 
21.0 
77;0 
23.0 
24.0 
75.0 
?h;O 
27.0 
79.0 
79.0 
3n.o 
71.0 
92.0 
39.0 
74;0 
75.0 
7h.0 
17.0 
7RiO 
39.0 
4n.o 
41.0 
42.0 
47.0 
44.0 
45.0 
4.4.0 
47.0 
4R.0 
49.0 
50.0 
52.0 
54.0 
5h.O 
5n.n 
6.0.0 
65.0 
7fl.O 
75.0 
PO.0 

TUFTA 
.n0000000 
.07130983 
. 14279967 
.2141qq50 
.28559933 
.31415y27 
.w271q20 
.37127q13 
.9ysa'90? 
.42a39qoo 
-44267896 
.4569-893 
.47127~90 
.‘8~51FJSb 
.09Q700@3 
.51407480 
.52P35,,76 
;542blg,3 
.55691870 
.~?ll’)Rbb 
;W547863 
.59S75~60 
.A1&03856 
.hZR31~53 
.h475Q!350 
.h5Aa7846 
.h7115843 
.hS549U40 
.h9971836 
.7IS99833 
.72Q27830 
.74255826 
.75~03~23 
.77111R20 
.,8539816 
.799671(13 
.~llY5810 
.m2R23H06 
.~4251~03 
.R5671FjOO 
.-7107796 
.-a535793 
mas'qb37qO 
.Q1391,Sb 
.o2alnlR3 
.Q4247,80 
.95675776 
.Q?103773 
.sEl531770 
.9¶95976b 

r.nl387763 
!.n2R15760 
I.“4243756 
I."5671753 
1.n7099750 
1.08527746 
!.n9955743 
1.1198-740 
l.!ZR11736 
3.?4239733 
‘.I7095726 
1.19951719 
!.22*07713 
!.7566370(, 
!..7851Qb99 
1.15659h83 
J.r2799666 
1.49039649 
q.5707Qb33 

'ItCALCl 
5.46569484 
5.43538244 
5.3br172094 
5.20364975 
5.25768658 
5.26361908 
5.28790106 
5.32640299 
5.37790567 
5.44010475 
5.47421093 
5.50966649 
5.54591371 
5.58234075 
5.hla320@2 
5.65317560 
5.hRh19092 
5.7lhb5692 
5.74304052 
5.7h704129 
5.78552021 
5.7qa5el315 
5.po557540 
5.80584597 
5.79S80745 
5.78391740 
5.76069038 
5.72a704io 
5.69760475 
5.03711167 
5.57702100 
5.50720847 
5.42763130 
5.33n329nb 
5.23942364 
5.13111821 
5.019bq532 
4.ee751405 
4.75100636 
4.61067264 
4.40107655 
4.30483920 
4.14263279 
3.175173Pl 
3.1n7215RZ 
3.62754196 
3.44P95732 
3.26928119 
3.Ofl633938 
2.90395657 
2.72194894 
2.54111707 
2.36223916 
2.18COh474 
2.n13308R7 
I.94464695 
1.64~7lTY56 
1.52?07943 
1.36928704 
1.22280839 

.950411hl 

.707543?2 

.41591833 

.31533460 

.lhq72517 
-.00769463 
-.14166212 
-.1004x374 
,.ooooooclo 

NfMFAq) 
5.34f1510D0 
5.36~18000 
5.37559000 
5.3y309000 
5.41303ono 
5;42185000 
5.431250@0 
5.44124000 
5.45193nbO 
5.46732000 
5.46929000 
5.47553000 
5.48195000 
5;4i797000 
5.43485000 
5.50199000 
5.5013nOCO 
5.51679000 
5.52435000 
5.53197000 
5;53427000 
5.54514opo 
5.55064000 
5.55h86000 
5.55R17000 
5.557720nO 
5.5bP95000 
5.58hb~OOO 
5.5Y452nOO 
5.5Yh330OO 
5.59244000 
5.58427000 
5.55R80000 
5.51506000 
5.4670~000 
5.37164000 
5.26754000 
5.16561000 
5.02237000 
4.89566000 
4.7574no@o 
4.59126000 
4.41Oy40@0 
4.151220~0 
3.89503000 
3,669ylr,l10 
3.449390@0 
3;24070000 
3.04451ono 
2.93585000 
2.6408OOPO 
2.44244OCO 
2.2350RO~O 
2.04597000 
1.86232000 
1.66450000 
1.4914h000 
1.33204000 
1.173ooooo 
1.03785000 

.758824"0 

.53443000 

.39637000 

.28934200 

.201273FO 

.07ROb3~0 

.02Rb9760 

.010362';0 

.00533271 

NlRESl 
. 11918484 
.07520244 

-.0148690b 
-.10944025 
e.15934342 
m.15823092 
,.14334814 
-.I1413701 
w.07402433 
e.02321525 

.004qzoy3 
-03413649 
iOb396373 
.094i7075 
.I2347402 
.15118560 
.17bH9092 

19906692 
:21949852 
.235o7129 
.24675021 
.25344035 
.25493540 
.240905~7 
.24063745 
.22619740 
.19174038 
.142o2410 
.09308475 
.04078167 

,.015al900 
m.07706153 
-.1311687n 
-.17973094 
m.22257636 
m.2475217~ 
-.25384468 
-.27Rn9595 
m.26936364 
m.28490736 
e.29632345 
m.28642080 
-.?bR30721 
-.176n4619 
-.0918i418 
-.04136804 
m.00043268 

.02758119 

.04182938 

.ObRl0657 

.O8114894 

.09867707 

.12715916 

.I4009474 

.15008887 

.lKli4685 

. 18924956 

.19on3943 

.19628704 
il849583Y 
.19158761 
.I7311322 
;09954e33 
.02699260 

e.03254703 
-.145757b3 
m.17035972 
-.11000124 
-.Oo533271 
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TABLE C7. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 903, APRIL, 30”N 

THE CCEFFICIENTS AM N A.(N) 
1. 
3. 
5. 
7. 
9. 

_. 
5.95431199 

.1602,619 
-1.11510775 

.39975770 

.I5858150 

HFTGHT 
-3n.o 
-25.0 
-2n.o 
-15.0 
-1n.o 

-0.0 
mh.0 
-4.0 
-7.0 

.O 
1 .o 
7.0 
3.0 
4.0 
5.0 
A.0 
7.0 
fl.0 
9.0 

In.0 
11.0 
17.0 
13.0 
14.0 
15.0 
1h.O 
17.0 
lR.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
2h.O 
27.0 
28.0 
29.0 
3n.o 
31 .o 
32.0 
33.0 
34.0 
35.0 
3h.O 
37.0 
38.0 
39.0 
40.0 
41.0 
47.0 
43.0 
44.0 
45.0 
46.0 
47.0 
‘P.0 
49.0 
5n.o 
52.0 
54.0 
56.0 
5P.O 
hn.0 
65.0 
70.0 
75.0 
PO.0 

THFTA 
.oooonooo 
.n71399t33 
.14779qb7 
.21419950 
.28559933 

9141Gq27 
:34271q20 
.3712,ql3 
.39s03907 
.rzn39qoo 
.44767896 
.45695-893 
.47123890 
.~8c51R8b 
.49-i7Q083 
.~1~0711l30 
.52R3?u76 
.54263873 
.55b91870 
.57119866 
.58~4?063 
.5907qRb0 
.Al4Oya56 
.h2R31~53 
.h4259u50 
.A5687846 
.h7115R43 
.hFj543,q40 
.h9q71836 
.71790833 
.72027~30 
.,4?5qaZh 
.75+03823 
.77111~20 
.7053qRlb 
.,99b,R13 
.n1395&l10 
.~ZR23806 
.R4251803 
.R5h79800 
.R7107,96 
.RE535793 
.aw63790 
.01391,86 
.92019,83 
-94247780 
.95675776 
.q7101773 
.98531770 
.99959766 

1.01307763 
?,~ZRl~760 
l.n4243756 
!."5671753 
1.07099750 
1.“0527746 
1.09955743 
'.11383740 
l.!Zql1736 
!.!4239733 
‘.17095726 
1.19951719 
1.22n07713 
1.25hb3706 
~.raslqb9q 
1.35559h83 
1.42799hbb 
1.49930649 
!.57n70633 

NlCALCl N IMEASI 
5.55’81963 5.44491ono 
5.52P76453 5.45R98000 
5.45755873 5.41475000 
5.39523058 
5;35991013 

5.492540@0 
5.51297O~o 

5.37130355 5.52199000 
5.39665697 5.53159000 
5.63573348 5,54!870no 
5.4R?21922 5.55279000 
5.541723214 5.56~6~0~0 
5.5R220621 5.56987Ol'O 
5.hlb843P4 5.57b25000 
5.65207329 5.58286000 
5.64728630 5.58979000 
5.72(83645 5.5969bOOO 
5.75504645 5.604240(10 
5.78021592 5.61189Obo 
5.@1462965 5.619790@0 
5.R3956605 5.6278300@ 
5.86”30540 5.63blhOOo 
5.87614093 5.6439ROOO 
5.QPb30277 5.65179000 
5.89037120 5.660540~0 
5.~4748247 
5;p7713714 

5.66755nOO 
5.67456000 

5.85880732 5.676440@0 
5.~3202341 
5;i9b38015 

5.68n91000 
5.68024000 

5.75154182 5,677bOO~O 
5.69724671 
5;63331065 

5.66”76000 
5;63h210@0 

5.55962963 5.61038000 
5.4761P149 5.56640000 
5.38302662 5.5inooooo 
5.20030769 5.45195000 
5.16~24846 5.37731000 
5.04715166 5.27~350@0 
4.91739592 5.17571ono 
4.77943196 5.03454000 
4.63377792 4.9onzrJooo 
4.481014n3 4.73789000 
4.32!77662 4.55380000 
4.15675162 4.37963000 
l.qRhbb757 4.155200nO 
3.5122R831 3.93266000 
3.63f.40537 3.72487000 
3.4’1383026 3.51529000 
3.27138665 3.30qblOOO 
3.08,90242 3.1095bOnO 
2.90420305 2.889650nO 
2.7211021q 2.68n23000 
2.53939661 2.46406000 
2.95985850 2.22779000 
2.19322942 2.01773000 
z.nlq21458 1.92310000 
1.84147774 1.63029000 
l.b7,63664 1.465040@0 
1.51925911 1.312320nO 
1.3bh85991 1.15~20000 
l.?zn89814 1.02737000 

.94983453 .763045@0 

.70a57399 .54380800 

.4986@012 .400730~0 

.32W30329 .29375700 

.1,474056 .2079RlOO 
..05923280 ,08619890 
m.13357421 .03100700 
-.n9553274 .01~02B20 
-.00~00000 .00737984 

NfRF5) 
.I1290963 
.06978453 

m.01719127 
..10?30942 
-.15305987 
-.15068645 
-.13493303 
-.lob13652 
,.06557078 
,.01495616 

.01233621 

.04059304 

.06921329 

.09749630 

.12487645 

.15080645 

.17432592 

.19483965 

.21173bo5 

.22414588 

.23216093 

.23459277 

.22983120 

.21993247 

.20257714 

.18236,32 

.I5111341 

.11614o15 

.07394182 

.03648671 
m.00289935 
w.05075037 
-.09071851 
-.1.?69733,3 
w.17164231 
-.2o9ob154 
m.22719834 
w.25831408 
-.25510.904 
-.26650208 
m.25607597 
m.23202338 
-.22287838 
e.16853243 
m.12037169 
-.09046463 
s.06145974 
m.03822335 
. ..02165738 

.01455305 

.04087219 

.07533661 

.132ob850 
lb549942 

:1.371145Ll 
.2l118774 
.21259664 
.20693911 
.20865991 
.19352814 
.18670953 

16476599 
:09795012 
.02704629 

e.03324044 
w.14543170 
-.16658121 
-. lo856094 
-.00737984 
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TABLE C8. 

THE CCFFFICIENTS IKE 

HFIGHT 
-30.0 
-25.0 
-20.0 
-15.0 
-10.0 

-8.0 
-6.0 
-4.0 
-2.0 

.O 
1.0 
7.0 
3.0 
4.0 
5.0 
6.0 
7.0 
0.0 
9.0 

10.0 
11.0 
12.0 
19.0 
14.0 
15.0 
Ih.0 
17.0 
18.0 
19.0 
2n.o 
21.0 
22.0 
73.0 
24.0 
25;0 
26.0 
27.0 
7P.O 
2s;o 
3n.0 
71.0 
37.0 
33.0 
94.0 
35.c 
76.0 
77.0 
3R.O 
39.0 
4n.0 
41.0 
42.0 
43.0 
44.0 
45.0 
4h.O 
47.0 
48.0 
49.n 
5n.o 
52.0 
54.0 
50.0 
5R.O 
ho.0 
65.0 
70.0 
7'5.0 
8'1.0 

TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 913, APRIL, 45”N 

THFTA 
.nonooooo 
.n7139903 
.14?79=,67 
..7141n950 
.20559q33 
.11415927 
,34271920 
.3712,913 
.39n83907 
.~zs39qQo 
.44767896 
.45h95893 
.47127~90 
.48551886 
.49Q77-003 
.~l'.O?R00 
.-2R35m76 
.54?638,3 
.~5h91070 
.-7119866 
.58-%63 
,59Q75RbO 
.hl40lq56 
.hZr(31R53 
.h4?5QLs50 
.h5607846 
.h7115q43 
.h0543R40 
.h9071R36 
.7139Q833 
.72R27~30 
.7425582b 
.,568J)R23 
.77111820 
.,8539Rlb 
.,996,013 
.a1s9=Ja10 
.flZR23806 
.a4?51Ro3 
.a567QnOO 
.~7107,96 
. an-35793 
.nYobl790 
.0139178b 
.oZalQ?R3 
.947477@0 
.95675776 
.9710~773 
.08531770 
.9995Y766 

l.nll87763 
l.~Z~l~,bO 
l.n4247756 
,.'15h71753 
I.07099750 
~.n852,746 
! .n9955743 
l.llS81740 
1.?2~11736 
I.!4739733 
1 .I7095726 
1.'9951719 
I.L2R0,713 
J.25663706 
I.28510699 
!.‘)5h59hR3 
!.42799hbb 
1.4993Qh49 
?.57n70633 

N AINI 
1. 5.99416571 
3. .25046707 
5. -1.11999949 
7. .34407845 
9. .1730@1.31 

NfCALCI 
5.64179354 
5.61480271 
5.54931310 
5.48499122 
5.46744735 
5;48115639 
5.50800802 
5.54751338 
5;59a11211 
5.65710435 
5.bR@00700 
5.72112600 
5.75356190 
5;7tl54n935 
5.Plb251Pl 
5.a4516522 
5.R7152695 
5;494654$9 
5.~1374312 
5.92~17685 
5;93723523 
5.94025310 
5.93659892 
5.92568287 
5.9069645, 
5.R7990017 
5.84424877 
5.79947007 
5.7453b928 
5.68172102 
5.hOa41233 
5.52540472 
5.43274320 
5.33055628 
5.21~05501 
5.OY~53105 
4.96935373 
4.83196629 
4.6968Rl25 
4.53467501 
4.3759PlRO 
4.2114Rb97 
4.04191987 
3.9bPO4622 
~.69066033 
3.51057698 
1.32462334 
3.145630Rb 
2.96242731 
2.77982Yn4 
2.59ab3360 
2.41061272 
2.243505el 
2.07101404 
1.90279499 
1.73945804 
1.5R156035 
1.42960370 
1.28403201 
1.14522955 

.RR916619 
,66327547 
.464472,92 
.30478736 
.17145205 

-.@3998obi 
-.10781919 
-.07P19661 
-.00n00000 

NIMFAS) 
5.541740r)o 
5.55545000 
5.57075000 
5.58,9RO@O 
5.6075hOOO 
5.blhZR000 
5.62547nOO 
5.63533nOo 
5.64590000 
5.65720000 
5.66314000 
5.6603nOOO 
5.67486000 
5.68154000 
5.688490nO 
5.69556000 
5.70307000 
5.71085000 
5.71986000 
5.72739O')O 
5.73h14000 
5.74500000 
5.75514000 
5.7623no@o 
5.7648YOW 
5.76454OnO 
5.752onoOo 
5.727620~0 
5.6902’3000 
5.65592000 
5.60236000 
5.53594000 
5.47669000 
5.39467000 
5.31442000 
5.24586000 
5.140030~0 
5.03653000 
4.89412000 
4.76010000 
4.60’?96000 
4.42300000 
4.25R5RnOO 
4.054R4000 
3.84R23000 
3.64430000 
3.42229000 
3.204lOOOO 
3.00121Of'O 
2.,8,920@0 
2.58175000 
2.36199ono 
2.10532noO 
1.R8380000 
1.68632000 
1,51r)4hO@O 
1.36301000 
1.22519000 
1.08277000 

.Yb2532”0 

.72960400 

.53391300 

.39,38300 

.29189500 

.20589200 

.08465550 

.034851@0 

.01506150 

.00832816 

,.21666013 
-.1ab7937.¶ 
m.15756967 
m.13372302 
,.09366666 
-.05846914 
-.03B?R269 
-.00809096 

.0168.9360 

.05762272 
138l85.91 

:18721404 
.21647499 
.22899804 
.21855035 
.20441370 
.20126201 
.18269755 
. 15956219 
. 12936247 
.@,I08982 
.@~290236 

e.03443995 
12663611 

::14270019 
-.09325811 
-.00832Rlh 
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TABLE C9. 

THE CCFFFICIENTS AHE N AINI 
1. 5.98985240 
3. .33358013 
5. -1.10233520 
7. .28768185 
9. .18599045 

HFIGHT 
-3n.o 
-25.0 
-20.0 
-15.0 
-10.0 

4.0 
45.0 
-4.0 
-7.0 

.O 

2:: 
3.0 
4.0 
5.0 

; 6.0 
7.0 
8.0 
9.0 

10.0 

36.0 
37.0 
38.0 
39.0 
40.0. 
41.0 
4&O 
-43.0 
44.0 
45.0 
46.0 
47.0 
48.0 
49.0 
50.0 
52.9 
54.0 
56.0 
58.0 
60.0 
65.0 
70.0 
75.0 
PO.0 

300 

TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 923, APRIL, 6O”N 

THFTA 
.n0000000 
.07139983 
;14219;67 
.21419q50 . 
.28559933 
.31'115927 
-34271020 
:37127;ii 
.=p83q07 
.4293aqop 
.442671)96 
.45695893 
.47123990 
.48551886 
.499?9883 
.51407,X,0 
.52835n76 
.5426%73 
-55691870 
.571lS866 
.58547863 
.59175860 
-61403~56 
;62R31~53 
.64259850 
.h5687n46 
;67115843 
.hB543a40 
-69971136 
;7ii9oL$ 
.72R27n30 
.?4255~26 
.75683823 
.771llg20 
.78539816 
.?9967nl3 
.a1395810 
.82823806 
.4475lRO3 
.@5(c79800 
.R710779b 
.R8535793 
.n9q617qO 
;9is91?86 
.92819?83 
.q4247?8o 
.Q5675776 
.97103773 
.985317?0 
.99959766 

I.01387763 
l.n2Rl5?60 
l-04243756 
1.05671753 
1.07099750 
1.08527746 
1.09955743 
1.11383740. 
1.12all736 
1.14239733 
1.'7095726 
1.19951719 
1.22PO7713 
1.25I.63706 
1.28510699 
1.35659h83 
1.42799~66 
1.49939649 
1.57079633 

N ICALCI 
5.69376962 
5.66R10294 
5.60617243 
5.54626591 
5;531a5919 
5.54582801 
5.57207130 
5.60990037 
5.65756650 
5.71228369 
5.74115206 
5;77031490 
5.79938079 
5.P2712034 
5.e5347351 
5.87?55748 
5.89e67503 
5.91612322 
5.92920224 
5.93722440 
5.93952302 
5.93546118 
5.92444018 
5.90590749 
5.97936434 
5.84437246 
s.ROn56030 
5.74762826 
5.68535316 
5.6l159166 
5.53228275 
5;4414<923 
5.34119807 
5.23171982 
5.11328696 
4.98625122 
4.95104005 
4.7OU15204 
4;55915170 
4.40166331 
4.23936429 
4.07197785 
3.90026531 
3.72501801 
3.54704905 
3.36718481 
3.18625660 
3.00509234 
2.32450845 
2.64530214 
2.46824405 
2.29407139 
2.12349177 
1.95712752 
1;7q561088 
1.63947985 
1.48922484 
i;3+27614 
1.20900222 
1.07770878 

.a3997229 

.63027052 

.45186890 

.30318467 

.18290605 
-.00706660 
w.07170452 
-;05530570 
-.oooooooo 

NfMEAS) N (RESI 
5.6072AOnO .08648962 
5.61833000 .04977294 
5.63063000 w.02445757 
5.64446000 e.09819403 
5.66016000 ,.12830081 
5.66708000 -.12125l99 
5.67436000 -.lo2?8870 
5.68217OFO e.07276963 
5.69049000 -.03292342 
5.69923000 .o13o536q 
5.703q1000 .03?24206 
5.70~79000 .06152490 
5.71382000 .08536079 
5.71907000 .lo805034 
5.72452OnO .12895351 
5.73017000 .14738748 
5,?3603000 .16264503 
5.74212000 -17400322 
5.74844000 ;18076224 
5.75540000 .18182440 
5.76231000 .17721302 
5.76883000 .16663118 
5.77479000 .14965018 
5.77740000 .12850749 
5.71433000 ;10503434 
5.76686000 .0?751246 
5.74443000 .05613030 
5.70877000 .03885826 
5.66975000 .01560316 
5.60969000 .oO391166 
5.53592000 m.00363725 
5.44754000 -;00609077 
5.37157000 ,.03037193 
5.26872000 ,,03700018 
5.16064000 ,.04735304 
5.076~3000 ,.0905787a 
4.95322000 m.10217995 
4.841327000 m.14011796 
4.70507000 ,.146¶1830 
4.59422000 w.19255669 
4.49829000 -.25892511 
4.37249000 s.30051215 
4.20a19000 m.30792469 
3.94836000 ,.22334199 
3.68534000 1.13829095 
3.44U490@0 ,.oal30519 
3.20R50000 m.02224340 
2.98506000 .020v3234 
2.78947000 .03503845 
2.59768000 .04?62214 
2.41408000 .054l6405 
2.21649000 .07758139 
1.98292000 .140561?7 
1.78090000 .17622752 
1.60199000 .19362088 
1.44437000 .19510985 
1.31172000 .17750484 
1.186880@0 .15819614 
1.05705000 .15095222 

,946441oo .13126778 
.?3151200 .10746029 
.54378500 .08646552 
.40698600 .04486290 
.298132Oo .00505267 
.21166600 w.02875995 
.09050920 w.09765580 
.03965420 1.11035872 
.01746140 e.07276730 
.00951038 -.00951038 

I 

i . 



TABLE C 10. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 933, APRIL, 75”N 

THE CCFFFICTENTS ARE N A(N) 
1. 5.80412162 
3. .43142562 
5. -1.05743406 
7. .21025?97 
9. .19540097 

HFlbHT 
-IO*0 
-25.0 
-20.0 
-15.0 
-10.0 

A.0 
-6.0 
-4.0 
-7.0 

.C 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12.0 
13.0 
14.0 
15;o 
16.0 
17.0 
1P.O 
19.0 
2n.o 
21.0 
22.0 
23.0 
24.C 
25.0 
26.0 
27.0 
29.0 
29.0 
311.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0 
41;o 
47.0 
43.0 
44.0 
45.0 
46.0 
47.0 
48.0 
49.0 
5n.o 
52.0 
54.0 
56.0 
5R.0 
60.0 
65.0 
70.0 
75.0 
an.0 

THFTA 
.nooooooo 
.n7139963 
: 14279967 
.21419950 
-28559933 

;49971&i3 
.51407aao 
.52R35n76 
;54263873 
-55691870 
;57119a66 
.58547863 
.5997586O 
.hl403~56 
.62831u53 
.h4250850 
.65687846 
.h?115a43 
.68543a40 
.69971R36 
.-fl393833 
.72827830 
.74255~26 
.75683823 
.77111820 
.?a539816 
.79067R13 
.Rl3958lO 
.82a23806 
.r(475la03 
.F5679800 
.W71@7796 
.sa535793 
.99963790 
.91391786 
.Q2RlQ783 
.9424??80 
.95675776 
.~7!03??3 
.98531?70 
-9995'7766 

1;n13a77i3 
l.q2R15760 
1.04741756 
!.05671?53 
1.n7099750 
I.00527746 
!.09955743 
L.11383740 
?.lZR1!736 
I.?4739733 
1.17095726 
!.19951?19 
l.tZR07713 
1.25663706 
1.26519699 
1.35659h83 
1.42799666 
?.49039649 
1.57079633 

N(CPLC) 
5.51385213 
5.56116661 
5.50707463 
5.45676508 
5.44925567 
5.46413331 
5.40978702 
5.52527014 
5.56965763 
5.h1700087 
5.64187610 
5.66650570 
5.69030300 
5.71264885 
5.73289910 
5.75039262 
5.76445961 
5.77443028 
5.77964360 
5.77945614 
5.77325069 
5.76044400 
5.74049878 
5.71292338 
5.67728675 
5.63322083 
5.58042684 
5.51667997 
5.44783314 
5.36781977 
5.77@65548 
5.lPO43a.93 
5.07335095 
4.95765411 
4.83368932 
4.70187293 
4.56269226 
4.41670042 
4.26451030 
4.10678788 
3.94424497 
3.77763138 
3.60172676 
3.43533222 
3.26?26168 
3.06633332 
2.91136104 
2.73714618 
2.56446953 
2.39408375 
2.22670637 
2.06301333 
1.90363324 
1.74914236 
1.601)06040 
1.45684716 
1.31990000 
1.18955219 
1.06607218 

.94966363 

.7395577a 

.55662148 

.40333835 

.27141217 

.17691701 

.02055699 
..03499773 
-.03079868 
-.oooooooo 

N (MFAS) 
5.51919000 
5.52704000 
5.53588O(rO 
5.54572000 
5.55685000 
5.56173OnO 
5.56689000 
5.57233000 
5.57815000 
5.5a436000 
5.58762000 
5.591ooono 
5.5944aooo 
5.59R13000 
5.60188000 
5.60575000 
5.60980000 
5.6139bOnO 
5.611129000 
5.62300000 
5;62757000 
5.63076000 
5.63231000 
5;63nO9000 
5.62266000 
5.60640000 
5;k3695000 
5.54831ono 
5.49210noO 
5.43372000 
5;34423000 
5.23634000 
5.13R92000 
5.01296000 
4.87281000 
4i76nasn00 
4.60204000 
4.47222000 
4.30096000 
4.17248000 
4;055ai000 
3.92229000 
3.78125000 
3.58957000 
3.3a.93oono 
3.18318000 
2.94363000 
2;+1784ono 
2.52831000 
2.34902000 
2.18135000 
2.00384000 
1.79R310no 
1.62346000 
1.46716000 
1.32920000 
1.21190000 
1.10056000 

.98367100 

.a8232000 

.67833400 

.49829100 

.37233100 

.27299400 

.19265500 

.08155610 

.03460080 

.01565750 

.00846158 

N IRE51 
.06466213 
.03412661 

-.0288053? 
-.08a95492 
,.10759433 
s.09759669 
-.0?710298 
w.04705166 
m.00949237 

.0326408? 

.05425610 

.07550570 

.09582300 

.ll451885 

.13101910 

.14464262 

.15465961 

.1604702a 

.16135360 

.15645614 

.14568069 . 

.12968480 
~10aiaaia 
.08283338 
.a5462675 
.02674083 

w.00652316 
s.02963003 
-.04Cz6b86 
-.06590023 
w.06557452 
-.05590117 
,;06556905 
-.05530589 
,.O3Qi2068 
-.a5901707 
L.03934774 
,;05~51958 
w.03644970 
w.06569212 
s.11162503 
w.14465862 
v.17352324 
-.15423778 
w.12703832 
w.09664668 
v.03226896 

.01930618 

.03615953 

.04506375 

.04535637 

.059l7333 

.10532324 

.l2568236 

.13290040 

.12764716 

.10@00000 

.oaa99219 

.08240118 

.06734363 

.060223?8 

.05ai3O4a 

.03100735 

.00441817 
-.01573799 
-.06099911 
w.06959853 
. ..04645618 
-.00846l58 
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TABLE C 11. - TRIGONOMETRIC SERIES CURVE FIT TO 
.- PROFILE NO. 943, JULY, 20”N 

THE CCEFFICIENTS AWE N AIN) 
1. 5.94985043 
3. .I?579630 
5. -1.13371032 
7. .40391027 
9. .I8444911 

-hi0 
-4.0 
-2.0 

;0 1.0 2.0 3.0 
4.0 
5;o 
6.0 
7.0 
Pi0 
9.0 

10.0 
11.0 
17.0 
13.0 
14.0 
15.0 
IA.0 
17;o 
lP.0 
19.0 
2ll.C 
21.0 
22.0 
23;o 
24.0 
25.0 
26;0 
27.0 
2P.O 
29.0 
30.0 
31.0 
32.0 
3?.0 
34.0 
35.0 
36.0 
37.0 
3R.O 
39.0 
4n.o 
41.0 
47.0 
43.c 
44.0 
45.0 
46.0 
47.0 
4P.O 
49.0 
50.0 
52.0 
54.0 
56.0 
5R.O 
60.0 
65.0 
70.0 
75.0 
PO.0 

TtrETA N ICALC) 
.n0000000 5.58029578 
.07139983 5.54640279 
.I4279967 5.46773407 
.21419950 5.37563664 
.?a559933 5.33965912 
.3141592? 5.34914047 
.34271920 5.37423205 
,37127913 5.41475622 
.79083907 5.461934355 
.42a3Q900 5.53543556 
.447b7896 5.57168771 
.45695a93 5.609357b9 
.4?!23~90 5.64783480 
.46~51866 5.60645946 
.49979803 5.72453065 
.514@7880 5.76131411 
.52R35~76 5.79605099 
.542638?3 5.07796704 
.SSh91870 5.85628202 
.5?11QEbb 5.RqO21931 
.-a547063 5.P9901560 
.59q75@60 5.91193042 
.h1403856 5.q1u25549 
.h2831853 5.91732371 
.h4259~50 5..?OP51770 
.h5687846 5.09127765 
.h7115a43 5.Ab5108bl 
.ha543840 5.021358694 
.69Q?lR36 
;7i399833 

5.7043657q 
5.72917961 

.72A27830 5.66304872 
-74255~26 5.5RR27991 
.7568PFl23 5.50246992 
.771lla20 5.40650491 
.78539R16 
;79ab7a13 

5.30055999 
5.19489750 

.mlS95810 5.05qa6433 

.n2823~06 4.92588817 

.a4251803 4.78347296 

.L5h7QaoO 4.6331933b 

.n?107796 4.47568057 

.R8535793 4.31165549 
mP99637qO 
;Oll9l786 

4.14ja412i 
3.qo703513 

.Q2nl9783 3.7Re06076 

.Q4?47780 3.60576714 

.a5675776 3.42102035 

.47103?73 3.23469479 

.aa531770 3.04766476 

.q9959766 2.06@?9615 
I.nl387763 2.67493842 
f.OZRl5760 2.49091709 
r-04243756 2.3d-752661 
! .P5671753 2.13152390 
I.“7099750 1.95762242 
!.P8q27746 1.7ee4s703 
! ."9955743 l.h247294a 
!.li383740 1.46690470 
1.12Q11736 1.31550.919 
1.14239733 ?.17n9?316 
~.I?995726 .qo390494 
1.19~51719 l 667a9?10 
1.22110'713 .46414584 
1.75h63706 .2929oon2 
!.285ia699 ,15154882 
1.35659683 -.06571446 
!.‘-2799466 -.I3151211 
1.49Q39649 -.09213923 
!.5?n7%33 -.nooOoooo 

NIMFASI 
5.45Q09000 
5.46784000 
5.47726000 
5.49356000 
5.51237000 
5.52n66000 
5.52957000 
5.53901000 
5.54915000 
5.55997000 
5.56566000 
5.57160000 
5.57773000 
5.58413000 
5.59~OhO~O 
5.59690000 
5.60394000 
5.61116000 
5.61856000 
5.62579000 
5.63281000 
5.63q570@0 
5,64486000 
5.65253000 
5.65495000 
5.65453OOO 
5.67044000 
5.69144000 
5,703670@@ 
5.70579000 
5.68q31000 
5.66369000 
5.62230000 
5.56771000 
5.51557000 
5.44667000 
5.35223000 
5.25~85000 
5.116910@0 
4.96947000 
4.77571000 
4.56112000 
4.3703bOQO 
4.13669000 
3.90571000 
3.68573000 
3.45400000 
3.229260no 
3.01a4R000 
2.79166000 
2.581510nO 
2.3bR52000 
7.145250@0 
I.94549000 
1.75697000 
1.56720000 
1.3BR750(10 
1.22249000 
1.09313000 

.9594020@ 

.73115600 

.537728@0 

.39702100 

.28950900 

.201346nO 

.077874io 

.02.909590 

.00993400 

.00507816 

NIRES) 
.i3020578 
.08356279 

m.01452593 
-.I1792336 
-.172710aa 
-. 171'1953 
-. 155'3795 
-. 12425371 
-;07980645 
-.02453444 

.00602771 

.037?5769 

.n70104ao 

.I0232946 

.13447065 

.16441411 

. 19211099 

.216.90704 

.23772202 

.25442931 

.26620560 
.27316042 
.2733954q 
.26479371 
.253567?0 
.2%74?b5 
.I9466861 

13814694 
:08OA95?9 
.02338981 

,.02446128 
-.07541009 
-.11983008 
m.16120509 
~.21501001 
s.26177250 
-.29236567 
1.33296183 
e.33343704 
m.33627664 
,.30004143 
e.24946451 
e.22851879 
-.16965487 
m.11764924 
-.07996286 
-.0329?965 

.00543479 

.02916476 

.06913615 

.09342842 

.I2239709 

.I6427661 

.16603390 

.20065242 

.72128703 

.23597948 

.24441478 

.22237819 
,21157116 
.1?274aa4 
.I3016910 
,06712484 
.00339102 

-.047?971.9 
-.I4356856 
-,15960801 
e.10207323 
-.OQ507Alb 
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TABLE C 12. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 953, JULY, 30% 

THE CCFFFlClENTS A.HE 
I'? 

PINI 
6.02161998 

3. .15965713 
5. -1.13357585 
7. .41315375 
9. .169037@0 

HFlWT 
:;;*o" 

. 
-7ll.O 
-15.0 
- tn.0 

-8.0 
-6.0 
-4.0 
-7.0 

.O 
I.0 
2.0 
7.0 
4;0 
5.0 
6.0 
7.0 
9.0 
9.0 

Ill.0 
11;0 
12.0 
13.0 
14.0 
15.0 
lb.0 
17.0 
1R;O 
19.0 
7n.o 
21.0 
22.0 
27.0 
24.0 
25.0 
26.0 
27.0 
2a.0 
as.0 
3n.o 
71.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
3R.O 
39.0 
40.0 
41.0 
42.0 
47.0 
44.0 
45.0 
46.0 
47.0 
48.0 
49.0 
5n.o 
52;i 
54.0 
56.0 
58.0 
hO.0 
65.0 
70.0 
75.0 
@t-l.0 

TUFTA 
.nono000n 
.n7130983 
.I4279067 
.71419950 
.28559933 
;31415;21 
.94271920 
.37127913 
.39983907 
.42p30900 
.*4?67R96 
.bSb95893 
.47123890 
.‘t355lflS6 
.&997oaa3 
.qlLO?RaO 
.*2R35~76 
.542631(73 
.55h91870 
.3711QR66 
.38547863 
.59S75860 
.614o3a56 
.62431853 
.h425o850 
.h5607R46 
.67115a43 
.68547840 
.'19071R36 
.71390833 
,72R27830 
.74255826 
.75683a23 
.77111,320 
.78539R16 
.79n67a13 
.P1395810 
.aZR23aOb 
.R4751RO3 
.a5679uOO 
.r7107796 
."8535793 
.a9063790 
.01391786 
.s2fll97iJ3 
.a4247780 
.Q5675776 
.97103773 
.98531770 
.Q9959766 

l.nl-37763 
l."ZP15760 
I.04741756 
1.05h71753 
I."7099750 
~.W~27746 
1."9955743 
1.llV~740 
1.12R11736 
1.14739733 
1.17095726 
1.?9951719 
1.72n07713 
1.25663706 
'.28510699 
1.35659683 
1.42799~66 
7.4993Q649 
1.57n79633 

NICALCI 
5.62909212 
5.59912057 
5.51984958 
5.43395553 
5.40709666 
5.41713484 
5.44705055 
5.48166556 
5.53466506 
5.59059749 
5.63760159 
5.66994092 
5.70702903 
5.74423261 
5.7ana7750 
5.Rlh25690 
5,.q406394h 
9.RRO27796 
5.90741821 
5.q303oi323 
5.q4n20740 
5.96039565 
5.96618233 
5.964’91490 
5.95598708 
5.93aa4658 
5.91300206 
5.87R02948 
5.R3357759 
5.77'137253 
5.71522154 
5.64101562 
5.55673174 
5.462431t.l 
5.35126444 
5.24446361 
5.12134431 
4.98430097 
4,E4r(EO202 
4.70038949 
4.5446647n 
4.3P728007 
4.21197626 
4.04049267 
3.Ph760074 
3.6a115111 
3.49697434 
3.31092277 
3.123.9523a 
2.93661486 
2.75004982 
2.56497752 
2.38219183 
2.20245384 
2.02648592 
1.85496648 
1.6RR52531 
1.52773967 
1.37313104 
1.22516263 

.95069794 

.70683516 

.49508780 

.31602807 

.I6935877 
m.06432843 
-.13706888 
-.09720721 
-.00000000 

NIMEAS) 
5.50775000 
5.52083000 
5.53561000 
5.55229000 
5.57146000 
5.57996000 
5.589020no 
5.59R63000 
5.60R93000 
5.blS21000 
5.62499000 
5.631030@0 
5.63'240@0 
5.64374000 
5.65042000 
5.b573AOOO 
5.66453npO 
5,6718~O(lO 
5.67940000 
5.686,36000 
5.69144000 
5.69948000 
5.70~61000 
5.71343000 
5.717070PO 
5.719OPOOO 
5;732750no 
5.75311000 
5.76446OnO 
5.76547000 
5.74720000 
5.72?5"000 
5.67n4oono 
5.6116bOOO 
5.56n21000 
5.48'20000 
5.39652000 
5;2a729000 
5.13782000 
4.9856POOO 
4.79701000 
4.58326OOO 
4.404000~0 
4.19344000 
3.98436000 
3.78n040Po 
3.5617~000 
3.3470hOrlO 
3.1398lO(rO 
2.91725000 
2.694450DO 
2.4tm32000 
2.24*04000 
2.03R52000 
1.83978000 
1.631)27000 
1.44928000 
1.27538000 
1.14070000 
1.001190n0 

.76146900 

. 56101000 
;416.31200 
.304902nO 
.21152900 
.oan83470 
.02011270 
.00932858 
.00445454 

NIRESI 
.122l4282 
.07729057 

m.01576047 
m.11333447 
-.I6436334 
-,16213251h 
1.14696945 
m.11696444 
e.07416494 
,.02061251 

.oo861159 

.0%791o.a2 

.06978903 

.loO49261 

.I3045750 
15.387690 

:i851oq46 
.20839796 
.22801821 
.24344823 
-25476740 
;26091565 
.26057233 
.2514@490 
.23891708 
.21976658 
.18023206 
.I2491948 
.06911750 
;01;9025i 

e.03197846 
-.08148438 
-. 12166866 
,.I5622859 
m.20194556 
D.24073639 
m.27517569 
-.29298903 
-.2850170~ 
m.28529051 
m.24836570 
-.2oo97103 
-.19002374 
,.15295733 
,.I2175926 
,.09092@89 
-.064,30566 
-.03613723 
w.01595762 

.02336486 

.05059982 

.o8415752 
,13415lR3 
.16393384 
.18670592 
.21669648 
.23924531 
.25235967 
.23243104 
.22397263 
.lesj2a94 
.I4512516 
.07827580 
.01112607 

s.04217023 
-.145l6313 
-.I6518158 
-.1o653579 
m.00445454 
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TABLE C 13. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 963, JULY, 45”N 

THE COEFFICIENTS AWE 

HklFHT 
-30.0 
-25.0 
-20.0 
-15.0 
,in.o 

eR.0 
A.0 
-4.0 
-7.0 

;C 1.0 
2.0 7.0 4.0 
5.0 
6.0 
7.0 
a;0 
9.0 

in.0 
11.0 
17.0 
17.0 
14;o 
15.0 
lb.0 
17.0 
lP.0 
19.0 
Ifi; 
21.0 
27.0 
23.0 
24.0 
75.0 
26;O 
27.n 
7P.O 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.c 
36.0 
37.0 
3R.0 
39.0 
4n.o 
41.0 
42.0 
43.0 
44.0 
45.0 
46.0 
47.0 
4R.O 
49.0 
50.0 
52.0 
54.0 
56.0 
5R.0 
60.0 
65.0 
70.0 
75.0 
all.0 

.nonooooo 
THETA 

.n713oqa3 
14779967 

:71419950 
.28559q33 
-31415927 
.34271920 
-37127913 
.39903907 
;42a39qOO 
-44267096 
.45695893 
-47123~90 
.48~51Rab 
.4997qua3 
.5140?.qRO 
,*2P35676 
-54763~73 
:556918;0 
.q711qR66 
.58547.63 
,59q75860 
.h1403856 
.A2831853 
.h4251850 
.A5607046 
.h7115843 
.h8543R40 
-69971,336 
.71399833 
.72927a30 
-74255~26 
;75W823 
.77111~20 
-78539816 
;79S67813 
.P1~95810 
.R2R29ROb 
.a47511(03 
.a5h70800 
.a7107796 
.Rfl535793 
.a9o637qo 
.91391786 
.Q2~19783 
.947477ao 
.9567577b 
.97lOS773 
-90531770 
;99’759766 

I.01307763 
l."Ze15760 
1;04743756 
1.05671753 
!.r)7099750 
!.08527746 
1.09a55743 
3.11383740 
l;lZRl1736 
1.14739733 
I;?7095726 
'.!9951719 
1.22R07713 
1.75h63706 
',28510699 
1.15659683 
1.42799666 
I.49039649 
!.57n79633 

N AIN) 
1. 6.38034240 
3. .I7712218 
5. -1.17074593 
7. .41895511 
9. .I5017939 

5.955aosi3 
5.92812327 

NlCALCI 

5.86052563 
5.79266954 
5.77n93251 
5.7e313aq3 
5.aOAa2356 
5.84768795 
5.qqP37472 
5;qM4666l 
5.99100850 
6.n2454820 
6.05152270 
6.n9237414 
6.12530652 
6.15679326 
5.19609451 
6.21746526 
6.21521370 
6.25360970 
6.266943P0 
6.27452490 
6.27568990 
6.26q01063 
6.25630252 
6.23463148 
6.20432073 
6.16495685 
b.llh19514 
6.05776416 
5.98946939 
5.91119603 
5.82791000 
5.72466320 
5.61658502 
5.49888948 
5.37106969 
5.23509559 
5.09141049 
4.93892665 
4.77~02074 
4.61232561 
4.43952900 
4.2613blP4 
4.nm59354 
3.89702415 
3.70247670 
3.51078952 
3.31780853 
3.12437964 
2.q3134131 
2.73951739 
2.54971030 
2.36269464 
2.17921122 
I.99096170 
1.~32560372 
1.65674669 
1.49394870 
1.33771104 
1.04664498 

.7R640413 
;55%38616 
.36504420 
.20493186 

-.05466910 
w.14063672 
s.10243000 
-,no~00000 

NIMFAS) 
5.85275000 
5.86626000 
5.88140000 
5.89771000 
5,9l7200@0 
5.92582000 
5.93493000 
5.94464000 
5.95435000 
5.96548000 
5.971340no 
5.97745000 
5.983760@0 
5.990370@0 
5.99718000 
6.00430000 
6.01163nno 
6.01925000 
6.02705000 
6.0352nooo 
6.04319000 
6.05120000 
6.05969000 
6.06490000 
6.07441000 
6.07662000 
6.08006000 
6.08453000 
6.07696000 
6,057660@0 
6.03159000 
5.98410000 
5.92078000 
5.85353000 
5.76477000 
5.65302ono 
5.540750@0 
5.40952O"O 
5.24772000 
5.107050@0 
4.94566000 
4.76947OFO 
4.61555000 
4.43439000 
4.24944000 
4.05625000 
3.84450000 
3.62905060 
3.4177~000 
3.16732000 
2.93554000 
2.70103000 
2.45826000 
2.23710000 
2.02026000 
1.79067000 
1.57552000 
1.385510PO 
1,241770@0 
1.092430nO 

.837073no 

.62156q@O 

.462847@0 

.3390R4no 

.2386ROr?o 

.09117600 
,02925370 
,001129057 
.00343791 

NIRFSI 
.10305323 
.06186327 

1.02017437 
,.10504046 
,.I4676749 
-.I4268107 
m.12610644 
e.09695205 
s.05597528 
,.00701319 

.01966a5n 

.04709828 

.07476278 

.10195414 

.I2812652 

.I5249326 

.I7445451 

.I9321526 

.20816370 

.21840978 

.223753ao 

.2233249a 

.2159999n 

.to291063 

.I8189252 

.15801148 

.I2426073 

.08042685 

.03923514 

.00010416 
w.04212061 
e.07290397 
e.09786912 
,.12@86672 
-.14!3l8498 
m.15413052 
-.lb8RR031 
m.17262441 
w.15630951 
-.I6812335 
-.I6663976 

15714439 
::I7602100 
,.17302816 
-.16¶84646 
m.16422585 
,.I4202330 
-. ll826048 
e.09497147 
s.04294036 
-.oo419869 

.03848739 
.09145030 
.12559464 
.15895122 
.2092917n 
.25Ou8372 
.27123669 
.25217820 
.24578104 
,2o957198 
.164R3513 
,09603916 
.02596020 

,.03374814 
m.14584510 
1.169R9042 
m.11072057 
-.00343791 

304 



If” - 

TABLE C 14. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE ‘NO. 973, JULY, 6O”N 

THE CCFFFICIENTS ARE N AIN) 
1. 6.91098454 
3. .22140405 
5. -1.25111611 
7. .42239920 
9. .I5309595 

HFlGHT . 
-30.0 
-25.0 
-2n.o 
-15.0 
,lO.O 

,!a.0 
A.0 
-4.0 
-7.0 

-0 
1;0 
2.0 
3.0 
4.0 
5.0 
4.0 
7.0 
Pi0 
9.0 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
14.0 
17.0 
I.e.0 
19.0 
20.0 
21.0 
27.0 
21.0 
24.0 
25.0 
26.0 
77.n 
29.0 
29.0 
3n.o 
71.0 
32.0 
33.0 
34.0 
15.0 
36.0 
37.0 
3R.0 
31.0 
4n.o 
41;o 
42.0 
43.0 
44;o 
45.0 
46.0 
47.0 
48.0 
49.0 
5n.0 
57.0 
54.0 
56.0 
55.0 
A”.0 
is;0 
70.0 
75.0 
PO.0 

TWTA 
.00000000 
.n713qqa3 

14279967 
:21419950 
.28559q33 
.31419q27 
-34271920 
.3712,913 
.39083q07 
.~2s3e900 
.44267896 
-45695893 
.47123zaqo 
.40551806 
.4997qna3 
.-1407RaO 
.52R3?,?76 
,54263873 
.55691670 
.371 lqR6b 
.-0c4766P 
.39q7c18b0 
-61403856 
.oZa3la53 
.A4259850 
.h5CB7846 
.h7115a43 
.&a543840 
.b9971036 
.71?99833 
.721127630 
.74255.26 
.75683823 
.77111020 
.78539816 
.79967013 
.al~95810 
.R2C23~O6 
.a4751 803 
.L567Qqoo 
.n7107?96 
.nt353+7q3 
.a9q6~790 
.91391?86 
.92Rl97R3 
.94247780 
.q5675776 
.0710~773 
.98531770 
.'W959766 

l.nlW37763 
1.."2*1*760 
t,n4249756 
I."5671753 
1.07"99750 
l.n8527746 
1."9955743 
1.1170'740 
!,JZR11736 
!.'4239733 
','7"95726 
!.?9951719 
!.22R07713 
1.75t.63706 
'.2a514h99 
1.3565Qh83 
! .4279%66 
1.4993%49 
1.57n79633 

N ICALCI 
6.45676763 
6.43077805 
6.76800479 
6.30732590 
6.29371407 
6.30499200 
6.33741159 
6.'37@49877 
6.43070047 
6.49143105 
6.52709375 
6.55705794 
h.59n33736 
h.b2310109 
4.65460106 
6.69437939 
h.71147620 
6.73523785 
6.75492552 
6.7h980391 
b.779150no 
6.78726182 
6.77046703 
6.76713114 
6.74766546 
6.71953449 
6.hR226260 
6.63544063 
b.57973040 
6.51107007 
6.43467743 
b.34705276 
6.24498054 
6.14fl53040 
6.02185694 
5.P9319062 
5.754875RO 
5.60728779 
5.45090908 
5.28424477 
5.11402531 
4.93480049 
4.749333n2 
4.55039143 
4.76778280 
4.16334500 
3.qbO93807 
3.75644029 
3.55073219 
3.34469675 
3.13920771 
2.93512299 
2.73327770 
2.53447753 
2.33949262 
2.14905202 
l,q6703074 
1.7044R535 
1.61157034 
1.44561505 
1.13636901 

.a5970440 

.61757579 

.41095703 

.23488386 
m.03960517 
-.13619607 
D.10194650 
,.nOOooooo 

II IMFAS) 
6.36333060 
6.37763000 
6;39423000 
6.41222000 
6.43727OnO 
6.44250000 
6.45234000 
6.46277000 
6.47789000 
6.48579000 
6.49209000 
6.498580@0 
6.50534000 
6.5124lOdO 
6;51970000 
6.52731000 
6.53522nOo 
6.54340000 
6.551a90~0 
6.5611nO~o 
6.57nRlOOo 
6.58077000 
6.5909PObO 
6.59979000 

5;25964000 
5.0w790no 
4.q2655OOO 
4.73307ono 
4;53540000 
4.33667000 
4.12702000 
3;qlll2000 
3.68486000 
3.41R0~000 
3.16530000 
2.9ln69000 
2.64r117000 
2.41043000 
2.17606000 
i.93440000 
1.70774000 
1.50734000 
1.35588000 
i;i9027ono 

.93464500 
-70453400 
;52P310@0 
.38573100 
.26667900 
.09069010 
.0294=.500 
.00775371 
.00303529 

NIRES) 
.093“3763 
,05314805 

e.02622521 
,.10489410 
-,13951593 
-.i335oaoo 
m.11492841 
e.08427163 
-.0431.9153 

.00564185 

.03180375 
,05847794 
.08499736 
.lloh9lOo 
;1349i1oi 
.I5706939 
.17625620 
.I9175785 
.20303552 
.20870391 
.2oa34000 
.20149la2 
.I8748703 
.16734114 
.14037546 

11131449 
:08271268 
.@4791063 
.02016040 

e.00447993 
e.03619257 
1.05686724 
-,a7270946 
-.097!2960 
1.10752306 
-. 10846138 
-.I2593420 
w.12375221 
-.10920092 
-.I3155521 
w.14561469 
-.I4998951 
-.1772169a 
-. 17467857 
1.17261720 
1.17332500 
w.16608113 
m.15467971 
m.13412781 
e.07337325 
1.026'19229 

.02443299 

.oa510770 

.124n4753 

.16343262 

.21465202 

.25609R74 

.27714535 

.25569034 

.24634505 

.20172481 

.I5517040 
;08926579 
.02522603 

e.02679514 
m.13629527 
..I6565107 
-.10970021 
-.00303529 
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TABLE C15. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 983, JULY, 75”N 

THE COEFFICIENTS AHE N AINI 
1. 7.35631503 
3. .19642211 
5. -1.31190962 
7. .46247095 
9. .14104474 

MIGHT 
-30.0 
-25.0 
-20.0 
-15.0 
-10.0 

,R.O 
,h.O 
-4.0 
-7.0 

.O 
1.0 
2.0 7.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

1n.o 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
lP.0 
19.0 
2n.o 
21.0 
22.0 
23;o 
74.0 
25.0 
26;O 
27.0 
2P.0 
79.0 
3n.o 
31.0 
37.0 
33.0 
34.0 
35.0 
35.0 
37in 
3R.O 
39.0 
4n.o 
41.0 
42.0 
43.0 
44;o 
45.0 
4b;0 
47.0 
4R.O 
49.0 
5n.o 
57.c 
54.c 
56.0 
5R.0 
60.0 
65.0 
70.0 
75.0 
PIT.0 

THETA 
.nooooooo 
.n7139903 
.1427Qq67 
.2141995o 
.70559933 
.31415927 
-34271920 
-37127913 
.39083907 
.42P39QO@ 
-44267896 
.45C95093 
.47123090 
.40*510a6 
.49979083 
.51407ago 
-52-35076 
.54?63073 
.55691870 
.5711%?66 
.50547~63 
.59975060 
.61~07056 
.hZR31053 
,h4259RSO 
.h5607y46 
.h7115043 
.h8543040 
.h9971R36 
.71~99033 
.72a27~30 
-74255q26 
.7560~023 
.77111820 
.70539a16 
.79967813 
.n199YalO 
.aZq27006 
.a4251a03 
.a5679000 
.R7107796 
,a0535793 
.Rqs63790 
.91391786 
;92'(197i3 
.9424770@ 
.~5675776 
.97109773 
.90531770 
.Q9q59766 

!.ni387763 
J.n2015760 
!,n4242756 
1.n5671753 
1.07n99750 
!.W527746 
!.n9955743 
!.I1303740 
1.12R11736 
1.14239733 
'.!7o95726 
!.?9951719 
1.22a07713 
7.25t.63706 
T.20510699 
!.35h59603 
1.42790~66 
7.49039649 
!.5707qb33 

P’ICALCI NIMFASI N IRESI 
6.~4435200 6.75160000 .09275200 
6.R1913285 6.76RinOno .051n3205 
6.75R40773 6,7863lOPO m.02790227 
6.7on4163a 6.QOA54OOo e.10612362 
6.651)49319 6.82944000 ,.13995601 
6.70574630 6.03950000 w.13375370 
6.73509071 6.05n160oo m.11506129 
6.77708045 6.06144000 ,.00435955 
h.e3n17040 6.87344000 -;04326960 
6.09170456 6.0862bOnO .Oo552456 
6.92470349 6.09307000 .03160349 
6.95#33540 6.09Q99000 .0504454a 
6.99209474 6,9072lO@o .00400474 
7.n2535040 6.914730Oo .11062O40 
7.05743345 6.92255000 .13480345 
7.00764301 6.93"15000 -15746301 
7.11525474 6.93462000 ;I7663474 
7.13952053 6.947460OO .I9206053 
7.15971693 6.95606000 .2o365693 
7.17507376 6.96599000 .I0909376 
7.11406274 6.9764OOC'O .20046274 
7.15036623 6.90690000 .20146623 
7.18409371 6.99657OOo .10032371 
7.17379011 7.00463000 .16916oll 
7.15444377 7.01165OPo .142?9377 
7.12629393 7.011790~0 .11450393 
7.00003773 7.00334000 .00549773 
7.04163648 6.99045000 .0511064a 
6.98432135 6.96113Ono .02319135 
6,91A59819 6.91521000 .00130019 
6.83025155 6.06425000 m.02599045 
6.74914701 6.792700@0 B.04355219 
4.64923739 6.701310OO ,.052n726l 
6,53R55606 6.6139flOOo e.07542394 
6.41722520 6.49945ono ,.00122472 
6.20545150 6.37414000 -.OQQbQ442 
6.14352567 6.26315000 m.11962493 
5.99101701 6.11571000 -.I2609299 
5.P3n77654 5.949120no w.11034346 
5.66092660 5.0035bOnO e.14263340 
5.4R205913 5,641OOOOo -.15014o07 
5.29722956 5,46Oq@OOO w-16367044 
5.10&75069 5.29724000 -ii9240931 
4.qo41a600 5.09679000 m.19060392 
4.70734361 4.097lno@o e.10975699 
4.49406502 4.60688060 ,.19281490 
4.20222435 4.47299000 e.19076565 
4.06771403 4.25059000 -.10207597 
3.05144nb7 4.013270110 -.I6102993 
3.63431359 3.72Q41000 w.09509641 
3.41724309 3.454950@0 m.04170691 
3.PO117692 3.10626000 
2.90684599 

,01406692 
2.9047ROOO .00206599 

2.77525692 2.64950000 .I2575692 
2.56714552 2.39724000 
2.34342070 

.16990552 
2.13516OOO .22026o70 

2.16470935 i.090040no .27466935 
1.97175065 1.67230000 .29945065 
1.70519253 1.50696000 .27823253 
1.60562752 1.335910~0 
I.26955250 

.26971752 
1.04565000 .2239025n 

.96705001 .79142700 .I7563101 

.7oo65074 .59659300 ,10406574 

.471040@5 .436965nO .O3407505 

.2QiOQO36 .30459700 s.02351664 
..03459026 .133280@0 .,I4700626 
m.14753251 .035605@0 ~.I0321751 
-.I1254190 .0101n540 -.I2264730 
-.oonooooo .00397661 -.00397661 
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TABLE C 16. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 993, OCTOBER, 2O”N 

THE WFFFICIENTS AlIE 

HFlC.HT 
-30.0 
-25.0 
-2n.o 
-15.0 
-10.0 

me.0 
-6.0 
-4.C 
-2.0 

.O 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
P.0 
9.0 

In.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
111.0 
19.0 
2n.o 
21 .o 
27.0 
23.0 
24.0 
25.0 
26.0 
77.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
18.0 
39.0 
4i7.0 
41.0 
42.0 
43.0 
44.0 
45.0 
46.0 
47.0 
4P.0 
49.0 
50.0 
52.0 
54.0 
56.0 
5Q.0 
60.0 
65.0 
70.0 
75.0 
en.0 

THETA 
.n0000000 
.n713o903 
. 14279967 
.21419950 
.78550933 
.3141+927 
.~4271q20 
.37127913 
.39~03907 
.42139900 
.447b?Q96 
.45*95093 
.471Zsa90 
.48q51R8b 
.49979u03 
.~1”078RO 
.-2Q3’n?b 
.54261Q73 
.~5h9lQ?O 
.5?119Hbb 
.58547Q63 
.q9075QbO 
.61403zq56 
.hZR3la53 
.h425on50 
,h5hR7,,46 
.h7115Q43 
.W543Q40 
.h9971036 
.71399833 
.?2Q27Q30 
.74255826 
.75bR3a23 
.77111,320 
.70539816 
.79167813 
.a1395810 
.~ZA23eob 
.R4?51FlO3 
.n5b?qRoo 
.R7107796 
.a0535793 
.a9063790 
.‘?1~91786 
.Q2119783 
.942477fJo 
.Q5675?76 
.97102773 
.0853l770 
.99959766 

1 .nl387763 
l.n2R157h0 
!.W?49756 
?.nSb71 r53 
l.“?n99750 
1.“0~27746 
l.“Y955743 
!.11381740 
l.lZm11736 
I.!4239733 
1.17095726 
1.19951719 
1.72~07713 
1,25063706 
t.28519699 
T.35659603 
I.42799666 
!.49939649 
1.57079633 

N AINI 
1. 5.90175486 
3. .14198756 
5. -1.07270779 
7. .39945320 
9. .14259228 

b ICALC) N IMFATI 
5.417OR010 5.30857000 
5.3R538475 5.32034000 
5.31729292 5.33370000 
5.24744512 5.34R830FO 
5.22116775 5.36025000 
5.23084095 5.3 1792000 
5.25368104 5.38214000 
5.28948772 5.39086000 
5.33708191 5.4on190@0 
5.39426260 5.411)11000 
5.42549529 5.41530000 
5.45787031 5.42073000 
5.49086133 5.42631000 
5.52389093 5.43145000 
5.55037672 5.43741000 
5.5e765011 5.4435f3ono 
5.617OQ348 5.449u9ono 
5.643977R5 5.45632000 
5.66765871 5.462850(10 
5.6’1744419 5.4bq130@0 
5.70766117 5.4 7499000 
5.71265344 
5;71678970 

5.47937000 
5.4u32qono 

5.71447126 5.4en14000 
5.70513949 5.48771000 
5.be92a275 5.48599000 
5.66744278 5.49q75000 
5.63022053 5.52315000 
5.5RP28121 5.5364OOOO 
5.53735869 5.54077000 
5.47725904 5.52724000 
5.40786317 5.5058R000 
5.32912873 5.46461000 
5.24!09096 5.40797000 
5.14186213 5.34255ono 
5.n376141)a 5.25002nOO 
4.92266960 5.12956000 
4.79930614 5.ola.9ho00 
4.66795246 4.86843000 
4.52907837 4.73369000 
4.3P921675 4.57121000 
4.23095492 4.39RbZOOO 
4.07292935 4.24Q40O(rO 
3.90901932 4.07772000 
3.74734024 3.89771000 
3.57123660 3.69R9?000 
3.39727519 3.45409000 
3.22123707 3.21755000 
3.04391113 3.01293000 
2.@6608654 2.81442000 
2.60954570 2.62968000 
2.51205707 
2.33737212 

2.43749000 
2.22779000 

2.16521258 2.03790000 
1.99627051 
l;i3120175 

1.85945000 
1.67h50000 

1.670620?8 1.51509000 
1.51509707 1.36063OFO 
1.36515171 1.19548000 
1.72125459 1.05275000 

.95321650 .7626Q700 

.71365228 .53498100 

.50433632 .39677100 

.32616172 ,28962500 

.179182RZ .2014?3@0 
..051116500 .O?R1~890 
-.13500729 .02Q72580 
-.Q9714729 ,01037250 
-.@0@00000 .00533537 

N~RESI 
.lO45hOlO 
.nb504475 

-.01640708 
-.101424EQ 
~.145o8225 
-.1430?105 
-e12Q45Q9b 
-.1013722R 
-.063iOso9 
,.0158474fl 

.01019529 

.037i4o31 

.nb455133 

.09244893 

.1189bb72 

. 14407911 
16719348 

: 18765785 
.204.30871 
.21831419 
.22767117 
.23328344 
.23349970 
.22633126 
.217&2949 
.20229275 
.lb369270 
.10707053 
.05188121 

-.00341131 
e.04998096 
-.098n1683 
-.13548127 
-.16687904 
-.19868?17 
m.21238592 
-.20589@40 
e.21955316 
m.20047752 
-.20461163 

18999325 
::16766508 
w.17547065 
-. lb790068 
e.15536976 
,.I2773332 
,.05681481 

.003bfl70? 

.03098113 

.05166654 

.058865?8 

.074)6797 

.10958242 

. 1273125.5 

.13782051 

.15470175 

.I5553078 

.1544670? 

.16967171 

.16.550459 

.1905295u 

.I7867128 

.lo756532 

.03653672 
,.o222golg 
m.13629390 
-.163?33og 
-. 10751979 
w.00533537 
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TABLE C 17. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 1003, OCTOBER, 30”N 

THF CGFFFICIENTS ARE N 
1. 
3. 
5. 
7. 
9. 

AINI 
5.74434696 

17957612 
-1:06230406 

.36030079 

.16176413 

HFlGllT 
-3r.c 
-75.0 
-70.0 
-15.0 
-1n.n 

-9.c 
-6.0 
-4.0 
-7.0 

.Q 
1 .c 
2.0 
1.0 
4.0 
5.0 
6.0 
7.0 
a;0 
9.0 

1n.o 
11.0 
17.0 
13.0 
14.0 
15.0 
16.0 
17.0 
19.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
2P.O 
29.0 
10.0 
31 .c 
37.0 
33.0 
34.0 
35.c 
36.0 
37.0 
30.0 
39.c 
40.0 
41.0 
47.0 
43.0 
44.0 
45.0 
44.0 
47.0 
4P.O 
49.0 
5n.o 
52.0 
54.0 
56.0 
54.0 
60.0 
65.C 
7n.o 
75.n 
pn.0 

TUFTA N ICALCl 
.n000n00o 5.3RJbR395 
.n71309s3 5.355585n7 
.14?7gqb? 5.28~75769 
.21419q50 5.21689338 
.2855r)q33 5.19231727 
.31/.15927 5.20312449 
.34271q20 5.22724637 
.37127q13 5.2643R320 
.39Q81907 5.31311837 
.112430900 5.37127255 
.442b?R96 5.40277796 
.45h95R97 5.43527142 
.4712=ggo 5.46!20065 
.48~51RBb 5.50097ion 
.49079U83 5.53295250 
.51407R40 5.56349620 
,52~35n?b 5.59189316 
.547698?3 5.61748130 
.55691870 5.63955465 
.57119Rbb 5.65?42152 
.50547163 5.h70403~8 
.599?5860 5,b7784106 
.h1403856 5.679lO998 
.h2R31853 5.67361716 
.h4759950 5.66081019 
.h%07,,46 5,64n21996 
.h7115843 5.b11319705 
.08*4?840 5.57395143 
.h9971R36 5.52760935 
.7199qe33 5.47213342 
.72q27q30 5.4’1737102 
.74255826 5.33325135 
.756(39823 5.24977877 
.77111a20 5.15704114 
.7853qulb 
;79967813 

5.05520525 
4.94451bnb 

.a1395810 4.R2529433 

.R2923806 
;a4251,303 

4.69793326 
4.56209439 

.R567’)flOO 4.42070279 

.S?lO??qb 4.27194143 

.a8535 193 4.11724515 

.a99637qO 9.95729398 

.Q1791786 3.791i30609 
.SZSlO?83 3.6?453044 
.94247780 3 49323923 . 
.95675??6 3,27o72020 
.q7103773 3.lOL76893 
.98531770 2.92918126 
-99959766 

l;n13.97763 
2.75374504 
2.57023699 

l.“ZR15760 2.40640789 
1 .n4?41756 2.23590422 
l.n5c71753 2.06Rb5828 
1.0709~750 1.90500360 
q-08=-27746 
?;“9956743 

1.74507064 
1.5915PlRb 

1.11383740 1.44272922 
1.12n11736 1.?9977098 
1.14234733 1.16310977 
!.17095726 
1;?9951719 

.91n00365 

.68548550 
1.72R07713 .49n72171 
l.?5Fb~?Ob .32601504 
1.28510699 .19ns7a01 
!.35659A,83 -.02674706 
(.42799bbb ,.10064679 
1.49039649 ,.07534400 
1.5?“?0633 *.oooooooo 

NIMEAS) 
5.2uni30no 
5.291800dO 
5.304910~0 
5.31973000 
5.33A84000 
5.3444lO”O 
5,35246000 
5.36109000 
5.37025000 
5.37925000 
5.38443000 
5.38976000 
5.395290(10 
5;io10a000 
5.40702OOO 
5.41307000 
5;41s39000 
5.4258hOOO 
5.4323.90@0 
5.43e95000 
5.4447~000 
5,45024000 
5,45551ono 
5,455bOObO 
5.462890@0 
5;46301OFO 
5,474370@0 
5.485bPOOo 
5,49?82000 
5.486500dO 
5.46442000 
5.43657000 
5.39045noo 
5;iihb4000 
5.25292000 
5.1577POno 
5.03431000 
4.922820@0 
4.76954ono 
4.62593O”O 
4.46335000 
4.28275ono 
4.12468000 
3.93950000 
3.747560OO 
3.5438ROno 
3.30703000 
3.06906000 
2.865140@0 
2.65972000 
2.47408000 
2.28982000 
2.10527000 
1.94027000 
1.78nzeoPo 
1.6137C060 
1.46442000 
1.32152OCO 
1.16A96000 
1.03641000 

.764424@0 

.54469300 
,40725600 
.29971200 
.213634fiO 
.090054e0 
.0339911)0 
.01302110 
.00737762 

NIRESI 
.10355395 
.ob3?850? 

w.01815232 
,.10283662 
e.14452273 
,.14128551 
,.I2521363 
,;09b?Ob72 
-.05706163 
-,a0797745 

.OlP3479h 

.04551*42 

.07291065 

.0998910.9 

.1259325n 

.I5041628 

.17250316 

.I9162130 

.20717465 

.21847152 

.22562308 

.22?60186 

..?2359991) 

.21501716 

.197q281q 
;17720996 
.13701785 
.OSR27143 
.0347@935 

,.01436650 
,.05704g1g 
,.10331l,b5 
-.14067123 
m.16959886 
-.19771475 
m.21326394 
-.20901567 
,.224gs6?4 
-.20564561 
-.208?2721 
,.19140957 
m.16553485 
,.16738602 

14669391 
::123”2956 
~.09064077 
,.02230980 

-.08816510 
-.00737762 
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TABLE C 18. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 1013, OCTOBER, 45% 

THF CCFFFICIENTS AHE N A~NI 
I. 5.51072834 
3. 90130455 
5. -1:00980242 
7. .26366295 
9. .18140202 

HFIGHT 
-3n.o 
-25.0 
-2n.o 
-15.0 
-tn.0 

-8.0 
-6.0 
-4.0 
-7.0 

;0 
1 .a 
2.0 
1.0 
l;O 
5.0 
6.0 
?.O 
4;0 
1.0 

In.0 
11.0 
17.0 
13.0 
14.0 
15;o 
16.0 
17.0 
IR.0 
19;0 
2n.o 
21.0 
27;o 
23.0 
24.0 
25.0 
26.0 
27.0 
2P.O 
29;Q 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
3R.O 
39.0 
4n.o 
41.0 
42.0 
41.0 
44.0 
45.0 
46.0 
47.0 
4R.O 
49.0 
5n.o 
52.0 
54.0 
ib;O 
5R.Q 
60.0 
h5.0 
70.0 
75.0 

TUFTA 
.n0”0n000 
.n7139sa3 

14279967 
:71419950 
.7855r)933 
.31415927 
.34?71920 
.37127913 
.~9003907 
.42133os,OO 
.44767896 
.45h9qa93 
.47123r,90 
.‘.3*518E!b 
.4997QR03 
.51407880 
.52C356,76 
.*4?61a73 
.55691U?O 
.51119866 
.~I,547463 
.59R75nbO 
.hl401,56 
.A2n31~53 
.h4759R50 
.C5~87846 
.C711~R43 
.h8543840 
.h9971R36 
.?I~99833 
.72sZ?n30 
.74755826 
.75h83823 
.77~11820 
.78539r,lb 
.79967R13 
.~1~95BlO 
.a/f123,?06 
.a4251.303 
.P567s800 
.P7107796 
.P8535793 
.R906~?90 
.91791?86 
.Q2819783 
.S4247780 
.95675776 
.0710~773 
.9t!531770 
.Q9959766 

t.01387763 
1.“2R1~760 
1.04243756 
1.~5671753 
1.n7099750 
* .08’127746 
1.0995574'3 
!.1138'740 
?.12Q11736 
I.?4239733 
1.17095?26 
!.I9951719 
1.22a07713 
! .25hb~?Ob 
1.78519699 
I.35659683 
1.42799Abb 
!.&993Qb49 
!.5707Qb33 

Y ICALCI N IMFAS) 
5.24729543 5.16434000 
5.12160355 5.11234000 
5.15920938 5.18141000 
5.h974bbR4 5.19175000 
5.07097313 5.203600~0 
5.09fib1570 5.20R870~0 
5.11419368 5.21452000 
5.14910919 5.22n54000 
5.19974556 5.2L69aOOo 
5.24541070 5.23390000 
5.27295520 5.23757000 
5.30081103 5.24134000 
5.32P49584 5.24525000 
5.3’541266 5.24936000 
5.38693508 5.25~5ROOO 
5.4'1441481 5.25796000 
5.42518971 5.26245000 
5.44259213 5.26705n00 
5.45595742 5.27079000 
5.46463251 5.21521000 
5.4h79R450 5.27964000 
5.4654n894 5.2a~91000 
5.45633ano 5.28R95000 
5.44024806 5.29152OCO 
5.41666697 5.2Y3150nO 
5.38518009 5.26917000 
5.34543710 5.28ni60no 
5.29715bnO 5.2638401?0 
5.240127¶2 5.24514000 
5.17421970 5.20761000 
5.09937722 5.15692000 
S.01562571 5.10482000 
4.q2307052 5.030630n0 
4.82189633 4.94311000 
4.71236548 4..55400000 
4.59401533 4.7493moO 
4.46965468 4.61769000 
4.33735942 4.504910"O 
4.19~46732 4.35361000 
4.05357212 4.23n36000 
3.90331703 4.1073R000 
3.74a3n771 3.95699000 
3.58950475 3.78119000 
3.42741597 3.51759000 
3.2628P837 3.26225000 
3.09~70012 3.05416000 
2.92963246 2.87385000 
2.76246178 2.70~66000 
7.59595192 2.53*.94000 
2.43004bQ3 2.34495000 
2.26786358 2.16956000 
2.10768593 1.99~89000 
1.95095051 1.83195000 
1.79928155 1.686920~0 
1.65020642 1.54bqb000 
1.507231nl 1.40289000 
1.36980077 1.2 7683000 
1.23029848 1.16040000 
1.11305079 1.04639000 

.99432363 .944bR400 

.77719617 .71104300 

.5@706656 .504b7500 

.42640473 .3775PZOO 

.2’).?09429 .27727400 

.lR355380 .19771500 

.01151552 ,08639430 
-.a4994139 .036373RO 
m.04145512 .015768~0 
-.00E00000 .00923335 

NIRESI 
,08295543 
.04926355 

-.02220062 
e.09429316 
-.124h2687 
-.11825430 
,.10032632 
,.07143081 
m.03323444 

.0115887R 
.03530520 
.05947103 
.083245!34 
.10605266 

12735508 
314645481 
.162?39?1 
.17554213 
.I8516742 
. 18942251 
. 18834450 
.I8149094 
.167'R800 
.14P?280b 
.12351687 
.09701009 
.0652?71o 
.03331600 

-.00501210 
-.a3339030 
-.05754270 
-,08919429 
-.1075594R 
-.12121367 
,.I4163452 
-.I5456467 
-.14803531 
-. 16755058 
-.15514268 
-.1?67fl788 
-.20406297 
-.20860229 

19368525 
::09017403 

.n0063R37 

.04254012 

.05578246 
.0588017R 
.06011192 
.a8589683 
.09830358 
.10879593 
.11900551 
.11136155 
.10324642 
.lQ434181 
.09297077 
.07789848 
.06667079 
.04463463 . ~__. 
;06615317 
.08319156 
.04882273 
.014,,2o29 

,.O1416120 
-.07407870 
-,08631519 
-.05722422 
-.a0923335 
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TABLE C 19. - TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 1023, OCTOBER, 6O”N 

THE CCFFFICIENTS PtiE N A IN) 
1. 5.2054428b 
3. .44747046 
5. ..93492796 
7. .14275350 
9. .I9327508 

HFl<HT 
-30.0 
-75.0 
-2n.c 
- 15.0 
,lO.O 

-8.0 
-6.0 
-4.0 
-7.0 

.O 
1.0 
2.0 

.3.0 
1.0 
5.0 
6.0 
7.0 
P.0 
9.0 

1n;c 
11.0 
12.3 
13.0 
14.0 
15.0 
16.0 
17.0 
lP.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
77.0 
ZP.0 
29.0 
3n.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
3R.0 
39.0 
40.0 
41.0 
47.0 
43-c 
44;o 
45.0 
46.0 
47.0 
4P.O 
44.0 
5n;o 
52.0 
54.0 
56.0 
59.0 
6n.0 
65.0 
70.0 
75.0 
P0.C 

THFTA 
.~0000%3 
.“7139983 
.I’+?79967 
.71419950 
.78559933 
.41415927 
.W271920 
.37127913 
.~9083907 
.42~3o900 
.44267896 
.45695893 
.47123UQO 
.48-51RRb 
.49o79n03 
.51407nt30 
.52P35476 
.542b3r,73 
.95hYlS70 
-57119866 
;-8547Rb3 
.99975B60 
.41403856 
.hZR31853 
.h4259g50 
.65~87846 
.h7115843 
.b8543B40 
.hqo71836 
.71790833 
.72*2’830 
.74255R26 
.75403823 
.77111820 
.78539816 
.79967013 
.al’iY-810 
.R2R23ROb 
.a4751 803 
.n5679aOO 
.n710779b 
.na535793 
.n9ob3790 
.o13917Rb 
.OZRl9783 
.94247780 
.95*75776 
.Q710’773 
.98531770 
.Q9959766 

1.01387163 
l.“2R1’7bO 
1,“4743756 
1.05671753 
1.07n99750 
!,OB527146 
1.n995.5743 
1;113B~740 
1.12R11736 
r-14239733 
!:I7095726 
!.I9951719 
!.22007713 
1.25Ab3706 
1.28519699 
I.35659683 
1.42799666 
I.49030649 
I.??“70633 

NtCALCl 
5.05401393 
5.03346026 
4.98455124 
4.93927065 
4.93766727 
4.94596296 
4.96571150 
4.99992565 
5.n3760905 
5.07919655 
5.1nn25805 
5.12nB5373 
5.14n43623 
5.?5843071 

4;77405694 
4.ba757096 
4.59797710 
4.49049311 
4.3R04114b 
4.76309653 
4.13a98084 
4.00956040 
3.87738927 
3.73107344 
3.58526403 
3.43564998 
3.28295033 
3.12790618 
2.97127245 
2.B1380957 
2.b5427525 
2.49941634 
2.34396101 
2.19061128 
2.04003608 
l.f!9286478 
1.749bR146 
1.6110lQRY 
1.47735971 
1.34912051 
1.224bb426 
l.lin28856 
1;00022831 

.a9665522 
-79967870 
;625652Ol 
.47785055 
-35219079 
ii5S8664i 
.17759462 
.05647004 
.OOA03240 

-.0@107751 
.n0000000 

W IMEASI N IPFSI 
5.00455000 .n4946393 
5.00R45000 .02501026 
5.012910~0 w.02835876 
5.01a01000 m.07873135 
5.02392OPO -.091?5273 
5.0264r!O00 ,.08051704 
5.02929000 e.06057850 
5.03229000 m.03236435 
5.03550000 .0021 B905 
5.03a95000 .04024b55 
5.04075000 .n5950805 
5.042bbOOO .07819373 
5.044blOFO .09582623 
5.04065000 .11178071 
5.04q75n00 .12549197 
5.05090000 .I3636211 
5.05309000 .I4378843 
5.0553lOclO .I4717165 
5.05754000 .I4593410 
5.0bn1300o .I3914803 
5.0b259000 .I2675362 
5.06385000 .lo930686 
5.064b3000 .085hlb96 
5.0b140000 .95079329 
5.o521bOOo .03047170 
5.0390R000 ,.OOlAl982 
5.01727000 ,.n2842628 
4.97igpono m.04976172 
4.92692000 ,,07462607 
4.85740000 -.08334306 
4.76746000 ,.079BB904 
4.66291000 -.obg93290 
4.57244000 -.08194689 
4,457850PO -.07743854 
4.34207OPO ,.07897347 
4,24R390nO -.10940916 
4.10a73000 -.lol16960 
3.98272000 ,.11033o73 
3.e1683ono m.08575656 
3.66~7~OC’O e.08047597 
3.48736000 ,.04671002 
3.28gB5000 -.OOb89967 
3.129470flO ,.001563@.2 
2.93~26000 .03301245 
2.759000’00 .05480957 
2.6013901?0 .052~@525 
2.459bnOPO .03981634 
2.31787000 .02609101 
2.17234000 .0182712R 
i.999870no .04016608 
i.84209000 .05077478 
1.689390~0 .060+9146 
1.5477bOCo .ObB75989 
1.41780000 .05955921 
1.297870@0 .05125051 
1.17b15000 .05051426 
i.0719uono .03830856 

.97’137800 .021~5031 

.B9317100 .0034e422 

.B16738’rO ,.ni70593n 

.62Rb-3nO ,.no298099 

.451658@0 .02620055 

.33921500 .01597579 

.249186@0 .0066Po42 

.117567@0 .00002762 

.08n4291o e.02395906 

.03770420 -,029/,7180 

.01a74410 ,.021R2lbl 

.01156250 -.01156250 
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TABLE C20. 

T!-!F CCFFFICIENTS ARE 

HFIWT 
-3n.0 
-25.0 
-20.0 
-15.0 
-1n.n 

-0.0 
-4.0 
-4.0 
-2.0 

.O 
1.0 
2.0 
2.0 
4.0 
5.0 
6.0 
7.0 
4.0 
9.0 

tn.0 
11 .n 
12.0 
11.0 
14.0 
15.0 
IA.0 
I 7.0 
lQ.0 
19.0 
70.0 
71.0 
27.0 
23.0 
74.0 
25.0 
26.0 
27.0 
7a.0 
29.0 
3”.0 
21.0 
q2.0 
33.0 
34.0 

‘35.C 
36.0 
37.0 
39.0 
39.0 
4n.o 
41.0 
47.0 
43.0 
44.0 
45.0 
46.0 
47.0 
49.0 
49.0 
50.0 
57.0 
54.0 
5h.O 
51.0 
hO.0 
65.0 
7’1.0 
75.0 
pm.0 

TRIGONOMETRIC SERIES CURVE FIT TO 
PROFILE NO. 1033 (OCTOBER, 75” NJ 

TuFTA NICALCI 
.~0~00000 4.8b516853 
.0/l 39983 4.44331803 
.I*?19961 4.791118042 
.21419950 4.754sno22 
.28559933 4.74184870 
.31415927 4.76173706 
,W271920 4.7835blbB 
.37127913 4,P1120702 
.?90n3907 4.e4.n93034 
.42~39900 4.SS7bhS75 
.44767896 4,90710240 
.4569’893 4.92591191 
,47123A90 4.94355538 
.4S55lRAb 4.95Q46553 
.4YQ7Q883 4.97305695 
.51*07.90 4,9@373370 
.-2n35876 4.99~89721 
,54263873 4.99395474 
.~5c91870 4.99232698 
.5711OSbb 4.98545602 
.58547Sb~ 4.97701704 
.5997586@ 4.95391807 
,hL‘OqS5b 4.92131526 
.rZR31~53 4.a95615bb 
.h425~~50 4.85540415 
.h5h87,,46 4.807648S4 
.C7~15R43 4.75190560 
.h9’143S40 l.hr(RL2224 
.h9971836 4.61624044 
.7L~99833 4.53627843 
.72S27830 4.44S33141 
-74755826 4.35257142 
.75*83823 4.24924613 
.7711182o 4.13Rb7664 
..8539816 4.02125432 
.79967813 3.aQ743665 
.P1~95810 3.76774236 
,m2Q2ySOb 3.63274561 
.*4751R03 3.49306956 
,s5h7QnOO 1.34937935 
.r7107796 3.2’3737454 
*us535793 3.0577B115 
.ngo69790 2.90134342 
.Q1~91786 2,74A81547 
.02419789 2.59595209 
.04247780 2.44350434 
.o567c776 2.29220349 
.Q710,773 2.14216117 
.w531770 1.99585797 
.99959fbb 1.15213740 

1.“1~877b3 
l.n2Rl*760 

1.7121’7957 
1.57h59570 

l,n424375b 1.44582320 
v.n5b71753 1,32r?322Ob 
l.n7n99750 1.20047101 
!,nB=2774b i.0865Sbno 
1.09955743 .97491R53 
1.1198’740 .87765531 
1,12R11736 .7R291871 
3.14739733 .69476809 
!.‘7095726 .53Rlh095 
!.‘VO51719 .40714917 
1,72R07713 .3o~25118 
‘.75hb3706 .?I534715 
1.28519699 .!4985969 
1.35b59hS3 .05225839 
1.4279Qhbb .0145SlOb 
!.*9039649 .nOI32678 
1.47fi7Qb33 .nonooooo 

I. -11.1 

1. 4.96900133 
3. .4.?.620177 
5. -.a9907370 
7. .10022729 
9. .1979311)3 

NIHEASI 
4.R1977000 
4.R2270000 
4.82617000 
4.831)00000 
4.83454000 
4.R3653000 
4.83115R000 
4.S4Ob9000 
4.843lI)OOO 
4.84-73000 
4.S4709000 
4.84A46000 
4.S497hOOO 
4.R5127000 
4.852690@0 
4.R539SO@O 
4.B5566000 
4.857190@0 
4.85~4700@ 
4 .Sbn4bOOO 
4.8b183ono 
4.Bb109n~O 
4.85995000 
4.85094ono 
4.83604000 
4.sioB3Ooo 
4.78229000 
4.733bi’ooo 
4.667ObOnO 
4.5992tlooo 
4.509420@0 
4.40612000 
4.311bhOOO 
4.20044noO 
4.09764000 
4.00hSbO@@ 
3.8798iono 
1.75a91rJoo 
3.59550000 
3.44340000 
3.25940000 
‘).067560@0 
2.907SbOnO 
2.71~31000 
2.53978000 
2.387770no 
2.229ioono 
2.08795nnO 
1.94677000 
1.80n30000 
1.66419000 
1.52hbnooo 
1.3tl~07000 
1.2627600@ 
i.l4.~53000 
1.037320no 

.944197@0 

.Sbo123FO 

.783772no 

.?15b58110 

.55n.91400 

.397447@0 

.29@10700 

.217bQ400 

.I5420500 

.Ob907hhO 

.03214890 
,Olh47430 
.0098b560 

10819553 
: 12036695 
. 12975370 
.I3523727 
.13b76474 
.13385698 
.12499602 
. 11098704 
.09282807 
.Ob936526 
104467566 
.a1944415 

,.0o318116 
e.03038432 
-.0454977h 
e.05081956 
-;06300157 
-.oblnSs59 
e.05354851) 
m.06241387 
-.0617b336 
,,07638568 
-.lo942335 
-.I1206764 
e.12616439 
m.10243044 
-.09402065 
e.05702546 
-.@1477R85 
-. 00651658 

.03050547 

.05617289 

.ObO73434 

.06310349 

.059.¶1117 

.049na797 

.05183740 

.04800957 

.0499957n 

.ObO75328 

.05756206 

.@5194101 

.049dbbOO 
in3472153 
.01753231 

-.OoOS5329 
-.02oan991 
-.01265305 

.00970717 

.Oo21441S 
-.00225685 
-.o0434531 
-.olbslS21 
-.0175b784 
e.01314772 
-.00986560 
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